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FOREWORD. 


The  name  of  Edward  Kellogg  Dunham  stands  high  on  the  list  of  distin¬ 
guished  members  of  the  American  medical  profession  who  so  freely  gave  of 
their  time  and  talents  to  the  amelioration  of  suffering  among  troops  and  to  the 
winning  of  the  Great  War. 

From  the  Medical  Reserve  Corps,  in  which  he  was  commissioned  as  lieu¬ 
tenant  in  1911,  Doctor  Dunham  was  called  to  active  duty  in  January,  1918,  as 
major.  He  was  discharged  from  the  service  with  this  rank  in  June,  1919,  and 
immediately  thereafter  was  appointed  a  lieutenant  colonel  in  the  Medical 
Officers'  Reserve  Corps.  He  held  this  rank  to  the  time  of  his  death. 

In  the  performance  of  his  duty  in  the  Army,  Colonel  Dunham  exercised, 
at  all  times,  the  zeal  and  intelligence  which  obtained  throughout  his  scientific 
career.  The  outstanding  feature  of  his  military  service  was  concerned  with  Ins 
work  as  chairman  of  the  Empyema  Commission,  appointed  by  the  Surgeon 
General  in  the  spring  of  1918. 

This  commission  was  the  outgrowth  of  the  Pneumonia  Commission,  appointed 
by  the  Surgeon  General  during  the  latter  part  of  1917.  During  the  second 
half  of  the  year  1917,  pneumonia,  in  part  secondary  to  measles,  in  part  primary, 
caused  approximately  65  per  cent  of  all  deaths  in  the  United  States.  Prompted 
by  the  necessity  of  devising  some  means  to  combat  this  terrible  loss  of  life,  the 
Surgeon  General  appointed  the  Pneumonia  Commission  for  the  purpose  of  study¬ 
ing  pneumonia  in  its  clinical,  bacteriological,  and  pathological  aspects.  The 
commission  was  sent  to  Texas  in  February,  1918.  One  of  the  far-reaching 
results  of  the  work  of  this  commission  was  the  determination  that  the  Strepto¬ 
coccus  hemolyticus  played  the  principal  role  as  a  causative  agency  in  many  of 
the  cases  of  pneumonia,  giving  rise  to  an  entity  which  the  commission  termed 
u  interstitial  bronchopneumonia.” 

Empyema  proved  to  be  an  important  complication  of  pneumonia,  especially 
in  cases  of  pneumonia  associated  with  the  Streptococcus  hemolyticus.  This 
prompted  the  Surgeon  General  to  create  another  commission,  later  known  as 
the  Empyema  Commission,  to  take  up  the  research  where  the  Pneumonia  Com¬ 
mission  left  off,  and  to  study  empyema  in  all  its  aspects  as  it  occurred  in  camps 
in  the  United  States. 

Colonel  Dunham,  as  chairman,  directed  the  researches  of  the  Empyema 
Commission  throughout  its  existence,  continuing  its  work  long  after  it  had 
ceased  to  exist,  his  labors  in  this  direction  terminating  only  with  his  life. 

The  chief  activities  of  the  commission  were  centered  at  Camp  Lee,  Va., 
but  an  empyema  team  or  board  was  organized  in  each  of  the  base  hospitals, 
where  investigations,  similar  to  those  carried  on  at  Camp  Lee,  were  conducted. 
Colonel  Dunham  personally  visited  many  of  the  base  hospitals  in  the  United 
States  for  consultation  with  the  chiefs  of  surgical  and  laboratory  services. 

The  preliminary  report  of  the  commission  was  formulated  in  June,  1918, 
and  published  shortly  thereafter.  In  the  autumn  of  that  year  Colonel  Dunham 
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was  officially  designated  to  prepare  the  history  of  empyema  to  form  part  of  the 
official  record  of  the  activities  of  the  Medical  Department  during  the  World 
War.  After  the  war  he  gave  nearly  three  years  of  unremitting  and  devoted 
labor  to  the  compilation  of  the  valuable  data  embodied  in  the  manuscript  on 
empyema. 

During  the  years  1920,  1921,  and  the  early  part  of  1922,  while  pursuing  the 
study  of  empyema  records  in  the  War  Department  and  the  Veterans’  Bureau, 
Colonel  Dunham  spent  much  time  in  Washington,  and  those  of  us  who  came 
in  intimate  contact  with  him  then  learned  to  love  him.  Tireless  in  the  pursuit  of 
information,  he  always  had  something  new  to  show  in  the  way  of  apparatus 
devised  for  his  study,  or  something  of  interest  to  say  on  some  newly  established 
point.  His  air  of  quiet  courtesy  endeared  him  to  everyone  whom  he  encountered. 

To  the  study  of  empyema  and  other  important  problems  having  to  do  with 
the  prevention  of  disease  in  our  camps,  Colonel  Dunham  brought  a  mind  trained 
in  scientific  research  and  an  experience  rich  in  accomplishment.  His  under¬ 
graduate  studies  in  the  School  of  Mines  of  Columbia  University  gave  him  a 
valuable  background  of  proficiency  in  the  basic  sciences  of  mathematics, 
chemistry,  and  physics  with  which  to  pursue  his  study  of  medicine  in  the 
Medical  School  of  Harvard  University,  from  which  he  was  graduated  in  1886. 
While  a  student  in  bacteriology  in  Koch’s  Laboratory  in  Berlin  he  independently 
discovered  the  valuable  cholera-red  reaction,  with  which  his  name  is  associated. 
On  his  return  to  America,  Colonel  Dunham  was  engaged  for  a  while  in  public 
health  work  in  Boston.  From  1898  to  1907  he  was  professor  of  pathology  in 
the  University  and  Bellevue  Hospital  Medical  College  (New  York  University). 
During  these  years  he  did  much  important  scientific  work.  Noteworthy  among 
his  accomplishments  may  be  mentioned  his  pioneer  study  of  the  lipoids  occurring 
in  glandular  organs;  his  discovery  of  the  sporebearing  character  of  the  Bacillus 
aerogenes  capsulatus ,  familiarly  known  as  the  gas  bacillus  of  Welch,  and  his 
studies  of  the  chemical  effects  and  fermentative  power  of  the  meningococcus. 

Colonel  Dunham,  though  a  tireless  student,  was  not  a  prolific  writer. 
While  this  was  unfortunate,  it  was  compensated  for  through  his  acting  as  a 
fountain  head  of  knowledge  to  a  host  of  scientific  workers  who  drew  upon  him 
for  information  and  inspiration. 

His  work,  the  record  of  which  is  found  in  this  volume,  was  the  culmination 
of  his  scientific  life.  Though  he  did  not  live  to  complete  the  compilation  of 
the  valuable  data  embodied  in  the  manuscript  on  empyema,  it  was  so  well  for¬ 
ward  at  the  time  of  his  death,  on  April  15,  1922,  that  what  remained  could  be 
done  by  his  collaborators  in  accordance  with  his  plans. 

The  same  affectionate  memory  of  her  husband  that  is  responsible  for  these 
presentation  copies  of  Colonel  Dunham’s  work  on  empyema  prompted  Mrs. 
Dunham  to  endow  the  Dunham  lectureship  at  Harvard  University.  Book 
and  lectureship,  each  in  its  own  way,  can  not  fail  to  carry  on  inspiration  and 
scientific  information  in  a  manner  which  would  have  been  dear  to  the  heart  of 
the  man  whose  life  they  so  fitly  commemorate. 

M.  W.  Ireland, 

Surgeon  General ,  United  States  Army. 


PREFACE. 


In  the  first  tentative  outline  of  the  history  of  the  Medical  Department  of 
the  United  States  Army  in  the  World  War  a  complete  volume  was  apportioned 
to  the  report  of  the  study  of  empyema.  It  was  found  impracticable,  however, 
to  follow  this  plan,  and  “Empyema”  was  given  place  with  other  subjects, 
forming  Section  I  of  Part  Two,  Volume  XI,  entitled  “Surgery.” 

Acknowledgment  is  made  to  Lieut.  Franklin  A.  Stevens,  M.  C.,  for  the  large 
part  he  played  in  the  preparation  of  the  empyema  manuscript,  in  association 
with  Colonel  Dunham. 

The  chapter  on  the  surgical  treatment  of  the  acute  and  chronic  stages  of 
empyema  was  prepared  by  Maj.  Evarts  A.  Graham,  M.  C.  Major  Graham  was 
an  original  and  permanent  member  of  the  Empyema  Commission,  Camp  Lee, 
Y a.,  during  the  World  War,  and  the  work  in  question  represents  the  result  of 
his  experimental  efforts  in  the  surgical  treatment  of  empyema. 

Chapter  VIII,  the  surgical  treatment  of  the  refractory  empyema  cavities, 
was  prepared  by  Col.  William  L.  Keller,  M.  C.,  and  is  an  exposition  of  his  revo¬ 
lutionary  surgical  work  on  a  series  of  what  had  been  previously  considered 
almost  hopeless  cases. 
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SECTION  I. 

EMPYEMA. 


INTRODUCTION. 

As  an  introduction  to  the  following  study  of  empyema  among  the  troops  of 
the  United  States  Army  on  this  side  of  the  Atlantic,  it  is  deemed  proper  to 
describe  the  sources  of  information  upon  which  this  study  is  based. 

In  the  vast  majority  of  instances  empyema  developed  as  a  complication  or 
incidence  in  the  course  of  some  other  affection,  and  the  patient  was  admitted  to 
hospital  treatment  because  of  the  primary  disease.  This  primary  condition 
may  have  been  pneumonia,  measles,  or  some  other  exanthematous  disease, 
tonsillitis,  pharyngitis,  influenza,  or  even  such  a  remotely  related  condition  as 
articular  rheumatism,  malaria,  otitis  media,  appendicitis,  hernia,  or  a  host  of 
others  that  need  not  be  enumerated. 

The  fact  that  empyema  is  most  often  a  complicating  or  associated  disease 
has  made  it  impossible  to  discover  all  the  cases  that  occurred  in  the  Army;  and 
there  must  have  been  some  that  entirely  escaped  detection  during  the  whole 
stay  in  hospital.  It  is  not  possible  to  estimate  the  total  number  of  such  omis¬ 
sions,  but  it  is  certain  that  they  were  most  numerous  among  cases  that  remained, 
throughout  their  stay,  in  the  wards  of  the  medical  service.  Cases  admitted  to 
the  surgical  wards,  by  transfer  from  the  medical  service,  were  received  as 
empyemata  and  entered  as  such  upon  the  records  and  in  the  index  of  diseases. 
Here  omissions  in  the  reports  of  cases  are  insignificant  in  number. 

Another  aspect  of  empyema  seriously  complicated  the  problem  of  col¬ 
lecting  data.  Cases  seemingly  cured  were  liable  to  relapses,  not  infrequently 
after  a  period  of  apparent  good  health.  It  was  essential  to  know  about  such 
cases.  It  was  also  important  to  gain  information  concerning  the  final  disa¬ 
bilities  of  men  who  had  empyema  during  their  military  service,  not  only 
while  they  were  in  the  Army,  but  after  they  had  returned  to  civil  life.  It  is 
obvious  that  the  routine  records  of  the  Medical  Department  of  the  Army 
could  not  supply  all  of  this  necessary  information.  Supplementary  data  had 
to  be  obtained  through  other  than  the  regularly  established  military  channels. 
Chapter  I  is  devoted  to  an  account  of  the  manner  in  which  this  was  attempted, 
and  the  way  in  which  the  records  were  assembled  for  study. 
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CHAPTER  I. 


THE  COLLECTION  AND  UTILIZATION  OF  SPECIAL  DATA  CONCERNING 
EMPYEMA  IN  THE  ARMY  WITHIN  THE  UNITED  STATES. 

THE  COLLECTION  OF  DATA. 

Questionnaire  on  empyema. — The  receipt  of  reports  indicating  a  marked 
increase  in  the  number  and  severity  of  cases  of  empyema  in  base  hospitals, 
not  infrequently  subsequent  to  measles,  led  to  a  questionnaire  which  was 
issued  by  the  Surgeon  General  of  the  Army  on  February  21,  1918.  This  ques¬ 
tionnaire  was  designed  to  secure  particulars  concerning  this  disease,  the  meas¬ 
ures  that  were  being  taken  to  limit  its  occurrence  and  those  that  were  employed 
in  caring  for  cases.  The  letter  of  instruction  accompanying  the  questionnaire, 
and  the  questionnaire,  are  quoted  in  full : 1 

February  21,  1918. 

From:  The  Surgeon  General,  U.  S.  Army. 

To:  The  Commanding  Officer,  Base  Hospital  (through  Division  Surgeon). 

Subject:  Questionnaire  on  empyema. 

1.  A  consolidated  report  of  the  chiefs  of  surgical  service,  medical  service,  and  pathological 
service,  should  be  rendered  on  the  inclosed  questionnaire  at  the  earliest  possible  date,  to  this 
office,  attention  Lieut.  Col.  W.  H.  Moncrief. 

By  direction  of  the  Surgeon  General. 

(Signed.)  Wm.  Id.  Moncrief, 

Lieut.  Col.,  Medical  Corps. 


QUESTIONNAIRE  CONCERNING  EMPYEMA. 

1.  In  the  measles  cases  what  prophylactic  therapy  is  applied  to  the  upper  air  passages  (nasal 

cavities  and  accessory  sinuses)? 

2.  What  measures  have  been  taken  to  isolate  and  quarantine  empyema  patients? 

3.  Has  the  X  ray  been  used  in  diagnosis  systematically  and  repeatedly? 

4.  What  percentage  of  pneumonias  developed  empyema?  (a)  Lobar  pneumonia;  (6)  pneumonia 

(broncho-  or  lobar)  following  measles? 

5.  What  organisms  have  been  found  in  pleural  fluids  in  order  of  their  frequency? 

6.  Have  blood  cultures  been  made  systematically  and  repeatedly? 

7.  What  did  the  blood  cultures  show? 

8.  Has  the  administration  of  antistreptococcus  serum  been  part  of  the  treatment? 

9.  If  so,  what  methods  of  administration  have  been  used? 

10.  In  your  opinion  has  this  treatment  had  any  beneficial  effect  on  the  progress  of  the  disease? 

11.  Is  immediate  operation  advisable? 

12.  Thoracotomy  or  thoracostomy  and  costectomy? 

13.  General  or  local  anesthesia? 

14.  Do  you  prefer  early  aspiration  of  the  chest,  followed  by  operation  after  the  pus  has  become 

thick? 

15.  Has  Dakin’s  or  any  other  solution  been  used  for  irrigation  in  patients  operated  upon? 

16.  If  so,  with  what  result? 

17.  Has  continuous  negative  pressure  been  used  post-operatively  and  with  what  results? 

18.  What  has  been  the  mortality  in  empyema?  Divide  into  types  if  possible. 

19.  What  percentage  of  empyema  cases  have  been  operated  upon? 

20.  What  percentage  of  empyema  cases  is  followed  by — 

(а)  Empyema  of  opposite  side?  (d)  Pneumonia  of  opposite  side? 

(б)  Purulent  pericarditis?  (e)  Sinus  involvement. 

(c)  General  peritonitis?  (/)  Meningitis? 

21.  At  autopsy  are  pockets  of  pus  found,  particularly  substernal  or  just  internal  to  and  behind  the 

anterior  flap  of  the  lung? 

22.  Furnish  other  important  autopsy  findings. 
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A  consideration  of  the  replies  to  this  questionnaire  is  deferred  to  the  sec¬ 
tion  on  epidemiology. 

Circular  Letter  No.  23. — While  in  some  instances  empyema  runs  an  acute 
course  followed  by  complete  and  permanent  recovery,  there  are  many  cases 
that  are  protracted.  The  cavity  fails  to  diminish  in  size  or  to  become  com¬ 
pletely  obliterated;  improvement  is  interrupted  by  relapses,  or  a  narrow  and 
sometimes  tortuous  sinus  is  formed.  These  cases  run  an  indolent  course  and 
are  very  refractory  to  treatment.  Such  cases  are  subject  to  transfer  from  one 
hospital  to  another,  not  infrequently  with  intercalated  periods  of  active  or 
limited  duty,  during  which  they  are  no  longer  under  treatment  and  consequently 
escape  continuous  observation.  These  cases  are,  however,  of  great  importance 
in  a  study  of  empyema  with  a  view  to  deducing  methods  of  treatment  likely 
to  avert  the  occurrence  of  chronic  cases  and  to  reduce  the  degree  of  ultimate 
disability. 

In  attempting  to  follow  the  histories  of  such  cases  it  was  necessary  to 
devise  some  system  which  would  keep  the  records  of  individual  cases  of  empyema 
in  current  form  in  spite  of  transfers  from  one  hospital  to  another  and  which 
could  be  continued  for  an  indefinite  period  of  time  after  discharge  from  military 
service.  Such  a  system  of  records  was  started  in  January,  1919,  while  the 
hospital  records  still  remained  in  the  organizations  where  they  originated.  In 
the  beginning,  and  in  response  to  Circular  Letter  No.  23,  Surgeon  General’s 
Office,  dated  January  10,  1919, 2  this  system  was  based  on  the  returns  received 
on  a  special  blank  form.3 

Circular  Letter  No.  23. 

War  Department, 

Office  of  the  Surgeon  General, 

Washington ,  January  10,  1919. 

Subject:  Requests  for  abstracts  of  empyema  cases. 

1.  It  is  desired  to  obtain  accurate  data  concerning  cases  of  empyema  in  the  Army  which  can 
serve  as  a  basis  for  a  statistical  study  of  this  disease  for  immediate  use  and  for  the  history  of  the 
war.  To  facilitate  this  collection  of  data,  blanks  are  herewith  sent,  designed  for  use  in  preparing 
abstracts  of  the  clinical  course  of  these  cases.  These  blanks  should  be  invariably  used.  There 
will,  however,  be  some  cases  for  which  they  will  prove  inadequate.  In  such  cases  it  will  promote 
the  work  of  compilation  if  the  blanks  are  used  as  far  as  possible  with  supplementary  sheets  attached 
to  them. 

2.  It  is  requested  that  the  commanding  officers  of  base  and  general  hospitals  assign  a  competent 
person  to  fill  out  these  blanks  as  speedily  as  is  compatible  with  accuracy.  Completed  blanks 
will  be  promptly  sent  to  the  Surgeon  General,  attention  Laboratory  Division. 

3.  In  many  hospitals  the  postoperative  treatment  of  empyemata  has  not  been  continuously 
the  same;  yet  many  cases  have,  throughout  a  certain  period,  received  substantially  identical 
treatment.  As  the  space  allotted  to  postoperative  treatment  in  the  blanks  will  not  permit  of 
extended  descriptions,  it  is  requested  that  these  descriptions  be  furnished  separately,  but  that  it 
be  made  clear  on  the  blank  during  what  period  such  method  was  employed  in  this  particular  case. 

4.  All  cases  in  which  empyema  has  been  diagnosticated  since  May  1,  1917,  should  be  included 
in  these  abstracts,  whether  completed  or  still  in  hospital. 

5.  To  assist  in  securing  the  desired  uniformity  in  the  returns,  the  following  explanatory 
memoranda  are  furnished  to  amplify  the  necessarily  concise  headings  on  the  blanks: 

1.  Serial  numbers. — If  this  is  not  on  record,  scratch  “  Serial  ”  and  give  the  register  number. 

2.  Diagnosis  on  admission. — If  this  was  pneumonia,  so  state  with  location  and  variety  on 

line  below.  Note  on  back  of  sheet  record  descriptive  of  condition  of  patient;  e.  g.,  cyanotic, 

marked  dyspnea,  condition  severely  septic,  delirious,  etc. 
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3.  Empyema  ('pleurisy). — Give  date  when  fluid  was  detected  in  chest,  irrespective  of  its 
character. 

4.  Postoperative  treatment. — See  paragraph  3,  above. 

5.  Secondary  operations  refer  only  to  those  on  the  chest. 

6.  Thoracic  wound  closed. — Give  recorded  date  when  the  wound  or  wounds  made  for  the 
treatment  of  the  empyema  were  completely  healed. 

7.  Disposition  of  patient. — If  in  hospital,  give  number  of  ward. 

8.  Laboratory  reports. — Include  blood  counts,  white  and  red;  determinations  of  hemo¬ 
globin;  bacteriological  examinations  of  blood,  sputum,  and  fluids  from  the  pleura  or  elsewhere. 

9.  Memoranda  of  subsequent  temperature. — -The  desired  information  in  many  cases  could 

be  given  as  follows:  “  From  (date)  to  (date)  daily  temperature  rose  above  100,  with  maximum 
to - and  minimum  of - -  for  this  period.  ” 

By  direction  of  the  Surgeon  General: 

C.  Pt.  Darnall, 

Colonel,  Medical  Corps ,  U.  S.  A.,  Executive  Officer. 
Copy  to:  Commanding  officers  all  general,  base  and  post  hospitals,  department  surgeons. 

Empyema  Case  Abstract. 

(For  the  Surgeon  General  of  the  Army,  attention  Laboratory  Division.) 

. Hospital,  at . . . .  1919. 

Name  of  patient, . . .  Serial  Number, . 

Home  address, .  Admitted, . 191 . 

Diagnosis  on  admission, . following . 

Pneumonia?  Date . .  Location, . .  Variety,. . 

Empyema  (pleurisy).  Date, .  Location. . 

Pneumothorax  before  operation?  Date, .  Location . 

Thorax  aspirated?  (Give  dates,  character  of  fluid,  amount  withdrawn.) . 


First  operation:  Date, .  Site, . 

Nature  of  operation:  . 

Fluid  evacuated:  Character,  .  Amount. 

Postoperative  treatment :  . 


Secondary  operations?  Give  dates  and  nature  of  operations 


Complications?  (Give  dates,  nature  of  complication,  treatment.! 


Pleurobronchial  communication?  Date,  .  Treatment 

Thoracic  wound  closed, . ?  191 . 

Disposition  of  patient, . . . ;  191. 

(In  case  of  death,  give  autopsy  findings  on  back  of  sheet,  noting  particularly  any  record 
of  pulmonary  abscesses.) 

X-ray  plates?  Dates, . 

Laboratory  reports:  Blood,  sputum,  pleural  and  other  exudates,  with  dates . 


Daily  maximum  and  minimum. 


Temperature. 


Pulse. 


Respiration. 


First  5  days  in  hospital  from . ,  191 _ ,  to 

191 . ,  incl . 


Day  before  1st  operation . 

Day  of  1st  operation . . . 

Day  after  1st  operation . 

1st  normal  temp . ,  191 


EMPYEMA. 


37 


Memoranda  of  subsequent  rises  of  temperature  above  100,  with  dates: 


(Use  back  of  sheet  if  above  spaces  are  inadequate,  and  for  special  notes.) 

D-420. 

When  the  completed  forms  were  received  from  any  hospital,  they  were 
first  arranged  in  chronological  order  according  to  the  dates  of  admission  to  the 
hospital,  consecutively  numbered,  and  then  filed  according  to  these  numbers. 
The  names  of  the  patients,  their  home  addresses,  the  dates  of  admission,  the 
hospitals,  and  chronological  numbers  were  entered  on  cards  arranged  alpha¬ 
betically  by  surnames.  All  later  information  concerning  transfers,  operations, 
etc.,  was  added  to  these  files. 

The  empyema  case  abstracts  served  not  only  as  a  beginning  of  the  record 
in  following  the  progress  of  the  case,  but  furnished  the  first  data  of  a  contin¬ 
uous  clinical  history  designed  to  extend  beyond  the  period  of  military  service. 

Follow-up  letters. — At  intervals  of  a  few  months  letters  of  inquiry  were 
sent  to  the  patients  at  their  home  addresses,  and  the  replies  entered  on  the 
records.  One  of  these  letters  is  reproduced  here. 

In  reply  refer  to  S.  G.  O .  Mills  100. 

War  Department, 

Office  of  the  Surgeon  General, 

Washington ,  Aug.  26 ,  1920. 

My  Dear  Mr . ,4 

San  Francisco ,  Calif.: 

I  am  directed  by  the  Surgeon  General  to  inquire  about  your  present  health,  and  whether  you 
have  had  any  recurrence  of  your  empyema  or  any  other  trouble  of  any  nature. 

Please  answer  the  questions  below  in  the  space  provided,  and  send  this  letter  to  this  office  in 
the  inclosed  envelope,  which  requires  no  postage. 

Very  sincerelv  vours, 


1.  Full  name, .  Home  address, 

In  what  military  hospital  were  you  treated?  . 

Were  you  overseas?  . 

2.  Does  your  empyema  bother  you?  .  In  what  way? 


Normal  weight?  .  Weight  when  discharged?  .  Weight  now?  . 

3.  Have  you  any  other  trouble?  . 

If  so,  describe  in  detail . . . . 

4.  Date  of  discharge  from  the  Army . 

5.  What  work  have  you  done  since  your  discharge?  . . . 

6.  If  a  doctor  is  looking  after  you,  give  his  name  and  address . 

7.  Claim  number?  . 

These  methods  helped  to  maintain  contact  with  patients  while  they  remained 
in  the  service,  and,  still  more  important,  after  their  discharge,  when  a  change  of 
residence  might  take  place.  Otherwise  the  records  of  some  cases  would  have 
been  terminated  prematurely. 

It  is  obvious  that  reports  rendered  by  the  patients  themselves  could  be  of 
only  relative  value  and  chiefly  subjective  in  character.  Notwithstanding  these 
limitations,  they  proved  of  great  importance  in  following  the  progress  of  many 
cases. 

Physical  examinations. — When  it  appeared  probable  that  a  case  had  reached 
a  condition  in  which  further  change  was  not  to  be  expected,  or  when  a  case 
was  running  a  very  protracted  course  and  remained  under  medical  care  or  super- 
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vision,  a  follow-up  letter,  coupled  with  a  request  for  a  physical  examination, 
was  substituted  for  the  usual  inquiry.  In  the  absence  of  funds  available  for  this 
purpose  it  was  possible  to  obtain  the  desired  cooperation  only  through  the  cour¬ 
tesy  of  the  physician  making  the  examination,  and  in  nearly  every  instance  this 
courtesy  was  cordially  extended  by  the  physician  to  whom  the  request  was  sent. 

The  Bureau  of  War  Risk  Insurance  of  the  Treasury  Department  heartily 
supported  this  undertaking  as  far  as  was  possible,  but  it  was  not  authorized  to 
order  special  examinations  solely  to  promote  a  study  of  empyema. 

The  cooperation  extended  by  this  bureau  was  of  inestimable  value,  for 
many  of  the  physicians  caring  for  these  soldiers  after  their  discharge  from  the 
Army  were  medical  men  selected  by  this  bureau  to  make  the  examinations  re¬ 
quired  in  fixing  the  compensation  to  which  the  men  were  entitled. 

Copies  of  the  forms  used  are  reproduced  here: 

In  reply  refer  to  S.  G.  O . 

War  Department, 

Office  of  the  Surgeon  General, 

WASHINGTON.5 

My  Dear . 

I  am  directed  by  the  Surgeon  General  to  inquire  about  your  present  health  and  whether  you 
have  had  any  recurrence  of  your  empyema  or  any  other  trouble  of  any  nature. 

Information  concerning  the  physical  condition  after  their  return  to  civil  life  of  men  who  have 
had  empyema  while  in  the  service  is  of  importance  for  a  better  knowledge  of  this  disease  and  its 
treatment. 

Please  answer  the  questions  below  in  the  space  provided  and  send  this  letter  back  to  this  office 
in  the  inclosed  envelope,  which  requires  no  postage. 

Very  sincerely  yours, 


1.  Full  name .  Home  address . 

In  what  military  hospital  were  you  first  treated  for  empyema? . 

2.  Does  your  empyema  now  bother  you? .  In  what  way? . 

3.  Have  you  any  other  trouble? . 

If  so,  describe  in  detail . 

4.  Are  you  receiving  compensation? . 

What  is  your  claim  number? . 

5.  Do  you  report  to  a  doctor  from  time  to  time? . 

If  so,  give  his  name  and  address . 

6.  The  next  time  you  go  for  examination,  give  the  inclosed  letter,  blank  and  envelope  to  the  doctor. 


War  Department. 

Office  of  the  Surgeon  General, 

WASHINGTON.6 

My  Dear  Doctor:  In  cooperation  with  the  Bureau  of  War  Risk  Insurance,  the  Surgeon  Gen¬ 
eral  of  the  Army  has  requested  me  to  inquire  into  the  present  physical  condition  of  men  who  have 
had  empyema  while  in  military  service  and  now  returned  to  civil  life.  This  information,  when 
connected  with  the  previous  histories  of  these  cases,  will  throw  important  light  on  the  pathology  and 
treatment  of  empyema  and  will  be  utilized  in  preparing  this  section  of  the  Medical  History  of  the 
War. 

I  venture  to  ask  the  courtesy  of  your  aid  in  furthering  this  undertaking  by  employing  the  ac¬ 
companying  form  when  next  determining  the  physical  condition  of  the  bearer  of  this  letter. 

If  there  are  features  of  special  interest  in  this  case  not  covered  by  this  form,  I  beg  that  you  will 
note  them  on  the  back. 

When  filled  out,  please  mail  the  form  to  the  Surgeon  General  of  the  Army,  for  which  purpose  a 
return  envelope  is  furnished. 

There  are  approximately  5,000  cases  of  empyema  among  the  troops  on  this  side  of  the  Atlantic 
and  I  am  confident  that  you  will  appreciate  the  value  to  our  profession  of  a  study  of  the  sequelse 
of  this  disease  a  year  or  more  after  discharge  from  the  hospital  where  first  treated. 

Very  sincerely  yours, 
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CASE  OP  EMPYEMA  OF  THE  THORAX. 


Record  of  examination  made  by .  On . 192. 

Full  Name  . Home  Address  . . . 

Claim  Number .  Age .  Former  occupation .  Present  occupation . 

First  treated  for  empyema  at . . . ;  . 19. . 

First  operation .  19....  Thoracotomy? .  Rib-resection? . Site? . 

(Note  subsequent  operations  on  back  of  sheet) 

"Weight  before  illness? .  Present  weight? .  Excessive  cough ? .  Excessive  sputum?  ... 

Bloody  sputum? .  Foul  sputum? .  Dyspnoea  on  exertion? . Deafness?  . 

Pain  on  normal  respiration?’ .  On  forced  respiration? .  Location:  . 

Precordial  pain? .  Pain  on  moving  arms?  .  Limits  of  motion: . 

Faintness  or  dizziness  on  exertion?  .  Tremor  of  fingers?  . 

Condition  of  joints?  . 

Cyanosis?  .  Swelling  of  legs?  .  Of  feet?  .  Clubbed  fingers?  . 

Temperature . degrees  at . '. .  .  M.  (afternoon  temperature  preferred) 

Observations  on  Pulse,  Respiration,  Blood  pressure 

After  quiet,  in  recumbent  position,  .  .  . 

Recumbent,  just  after  30  seconds  stationary  run,  .  .  . 

Recumbent, . minutes  (2  to  5)  later,  .  .  . 

Is  thyroid  enlarged? .  Tache  on  chest  after  friction  with  finger? . 

Liver,  level  of  lower  margin  ? . .■ .  Ascites  ?  . 

/HEART:  Location  of  apex  beat?  .  Valvular  lesions?  . 

Location  left  border  of  cardiac  dullness . cm.  from  mid-line,  5th  intercostal  space. 

Locate  murmurs  or  thrills  on  Diagram,  stating  whether  systolic  or  diastolic. 


CHEST:  Deformity?  . 

Curvature  of  spine?  . 

Sinus  still  open  ?  .  Does  it  enter  a  cavity  ?  . 

Amount  and  character  of  discharge  ? .  Character  of  scars  ? 

Is  there  evidence  of  pus  in  the  chest? .  Lung  abscess? . 

Note  physical  signs  on  following  Diagrams: 


Size  of  cavity? 


Tuberculosis? 


Rales : 

/ — fine 
m — medium 
c — coarse 
s — sonorous 
ck — crackling 

Breath  Sounds: 

BF — feeble 

BE — Bronchial  expiration 
BI — Bronchial  inspiration 

Percussion  : 

Dull — Light  Shading 
Plat — Heavy  Shading 
T — Tympany 

Marginal  Notes  for  other 
Signs,  with  Indicators 

Locate  position  and  size 
of  scars. 


/'  i  **  I  > 


URINE :  Specific  gravity .  Albumin .  Sediment 

(If  more  space  is  required  for  any  data  use  back  of  sheet) 

Fig.  1. — Blank  for  physical  examination. 
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Beginning  with  Circular  Letter  No.  23,  the  data  obtained  in  the  ways 

just  described  will  be  hereafter  collectively  referred  to  as  the  “  Special  empyema 
records.” 

Reports  of  certain  special  details  from  empyema  centers. — When  the  mili¬ 
tary  hospitals  were  abandoned,  the  cases  of  empyema  were  evacuated  to 
other  hospitals.  There  were  seven  hospitals  which  became  recognized  as  cen¬ 
ters  specially  equipped  for  the  care  of  these  cases.7  They  were  General  Hos¬ 
pital  No.  12,  at  Biltmore,  N.  C.;  Fort  McPherson,  Ga.;  Fort  Sam  Houston, 
Tex.;  The  Letterman  General  Hospital,  San  Francisco;  Fort  Des  Moines,  Iowa; 
Fort  Sheridan,  Ill.;  and  the  Walter  Reed  General  Hospital,  Washington,  D.  C. 
From  three  of  these  centers  special  monthly  reports  8  on  the  cases  under  treat¬ 
ment  were  sent  to  the  Surgeon  General,  and  on  completion  of  the  cases  a  general 
summary  of  the  history  and  final  condition  of  each  patient  was  also  forwarded. 
The  following  blanks  upon  which  this  information  was  transmitted  were  used: 


(lo  be  sent  monthly  to  the  Surgeon  General,  U.  S.  Army,  Washington,  D.  C.  Attention  Labo¬ 
ratory  Division.) 

Case  of  empyema.  Current  record.  U.  S.  A.  General  Hospital  No .  From 

. to . .  1919. 


Name . 

Permanent  home  address  in  full 

Admitted . ,  191 -  Overseas  case  ? 

I.  Bacteriological  data:  Numbers  of  colonies 
pneumococci  (Pn),  total  colonies  (T): 


Serial  or  Register  No. 


.  Transferred  from . 

on  plate  cultures;  hemolytic  streptococci  (H), 


II.  Antiseptic  treatment:  a,  Antiseptic  used;  b,  strength;  c,  amount;  d,  frequency  of  applica¬ 
tion,  with  dates  of  beginning,  interruptions,  changes,  and  cessation: 


III.  Measurements  of  cavity,  with  dates: 


!\.  Temperature.  Note  only  temperatures  of  100  or  over,  with  dates  between  which  such 
rises  occurred  and  the  maxima : 


V.  Weights  of  patient:  a,  Normal  weight  on  entering  service;  b,  record  of  weights  while  in 
hospital,  with  dates: 


(For  additional  notes,  or  if  spaces  are  inadequate,  use  back  of  sheet.) 


(On  completion,  to  be  sent  to  the  Surgeon  General,  U.  S.  Army,  Washington,  D.  C.  Attention 
Laboratory  Division.) 

Case  of  empyema.  Clinical  outline.  U.  S.  General  Hospital  No .  1919 

^ame . - .  Date  of  admission . 

Empyema  followed:  1,  Measles;  2,  influenza;  3,  pneumonia  not  preceded  by  measles 
fluenza;  4,  trauma;  5,  other  primary  disease  or  idiopathic: 


or  in- 
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Nature  of  all  operations,  with  dates  and  hospitals: 


X-ray  plates  with  (without)  injection  of  cavity,  with  dates  and  serial  numbers  of  plates: 


Description  of  case  on  admission  and  while  in  hospital  with  outline  of  treatment: 


Disposition  of  case,  with  description  of  condition  on  discharge  from  hospital,  or  summary  of 
autopsy  findings: 


(For  additional  notes,  or  if  spaces  are  inadequate,  use  back  of  sheet.) 

Clinical  records  transmitted  to  the  Surgeon  General. — After  the  closing  of 
military  hospitals,  their  clinical  records  were  forwarded  to  the  Surgeon  General 
at  Washington,9  and  they  then  became  accessible  as  a  source  of  information 
supplementing  that  obtained  through  the  channels  already  described.  Protocols 
of  autopsies  and,  in  some  instances,  pathological  material  secured  at  necropsy, 
were  sent  to  the  Army  Medical  Museum.  This  material  also  was  available  for 
study. 

Publications  by  Government  departments  and  in  current  medical  journals. — In 
many  of  the  military  hospitals  within  the  United  States,  the  number  of  cases 
of  empyema  was  so  large  and  they  presented  conditions  so  unlike  those  most 
commonly  observed  in  civil  practice  that  the  attention  of  surgeons  of  the 
Medical  Reserve  Corps  was  forcibly  directed  toward  developing  improved 
methods  of  treatment.  This  led  to  an  intensive  study  of  the  disease  and  to 
the  publication  of  numerous  articles  in  current  medical  journals  dealing  with  va¬ 
rious  aspects  of  the  subject.  Groups  of  medical  officers  were  assigned  to  duty 
on  empyema  teams  which  comprised  a  surgeon,  an  internist,  and  a  member  of 
the  laboratory  staff.10  A  special  empyema  commission  was  placed  in  the  base 
hospital  at  Camp  Lee  11  where  about-  140  cases  were  available  for  study.  The 
observations  and  conclusions  accruing  from  these  efforts  were  summarized  at 
intervals  so  that  they  were  available  for  study.12  More  specific  references  to 
these  sources  of  information  will  be  found  in  other  parts  of  this  study. 

Circular  Letter  No.  93. — Cases  which  were  transferred  from  hospital  to 
hospital  were  followed  by  means  of  monthly  lists  13  sent  to  the  Surgeon  General 
from  all  the  military  hospitals  throughout  the  country  in  response  to  Circular 
Letter  No.  93. 14  These  lists  contained  the  names  of  all  patients  under  treat¬ 
ment  at  the  time,  with  the  dates  of  the  operations.  Unfortunately,  the 
addresses  of  the  patients  were  not  included  and  the  hospitals  at  which  the 
operations  were  performed  were  not  designated.  These  omissions  often  ren¬ 
dered  the  identification  of  the  cases  difficult  and  at  times  uncertain,  particu¬ 
larly  when  there  were  discrepancies  in  spelling.  These  lists,  however,  served 
as  invaluable  checks  on  the  accuracy  of  the  data  gathered  through  other  means 
and  frequently  directed  attention  to  operations  that  might  otherwise  have 
escaped  record.  They  also  supplied  the  first  data  concerning  a  number  of 
chronic  empyemata  received  in  this  country  from  overseas. 
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THE  UTILIZATION  OF  SPECIAL  DATA  CONCERNING  CASES  OF  EMPYEMA. 

The  empyema  case  abstracts  gave  the  initial,  detailed  information  regarding 
the  clinical  histories  of  individual  cases.  It  was  necessary  to  reduce  them  to 
some  form  so  that  they  might  be  compared  with  respect  to  the  character  of 
the  cases  in  different  parts  of  the  country,  and  so  that  groups  of  cases  in  par¬ 
ticular  localities  might  be  studied  epidemiologically. 

Tally  sheets15  were  prepared  for  this  epidemiologic  study.  One  of  these  is 
reproduced  here  to  illustrate  the  data  they  contained.  The  numerals  placed 
under  the  various  headings  are  the  chronological  numbers  assigned  the  indi¬ 
vidual  cases.  These  sheets  made  it  possible  to  detect  coincident  conditions  in 
a  given  case  by  following  its  number  through  the  various  captions  under 
which  it  might  be  placed.  A  study  of  these  sheets  shows  the  prevalence  of 
measles,  influenza,  pericarditis,  etc.,  among  the  patients  in  the  base  hospitals 
of  the  camps. 


Tally  sheet ,  empyema  case  abstracts,  General  Hospital  No.  6,  Fort  McPherson,  to  March  3,  1919. 


A.  Abscess,  abdominal  wall. 

do.  buttocks. 

do.  extremities,  194. 

do.  liver,  201. 

do.  mediastinum. 

do.  pulmonary,  24,  46,  47. 

do.  rectal,  76. 

do.  thoracic  wall. 

Adenitis,  46,  47. 

Appendicitis,  4,  191,  208. 
Arthritis,  37,  57,  58,  54. 

B.  Blood  cultures,  neg.  22,  23,  33,  36. 

do.  posit.  42,  139,  163. 

Counts,  good. 

Balsam  of  Peru. 

Bismuth  paste,  14,  108,  109,  111. 

C.  Chloramine-T. 

Castor-oil  balsam,  133. 

Chloroform. 

Cocaine. 

Cystitis. 

D.  Dakin’s  sol.  13,  18,  19,  20,  22. 
Dichloramine-T,  22,  25,  33,  42. 
Decortication  1,  2a,  3,  48,  51. 
Diphtheria  121,  148,  159,  165. 
Delirium. 

E.  Electric  cautery. 

Emphysema. 

Empyema,  double  35. 

Embolism. 

Endocarditis  42,  43,  87,  101. 
Epilepsy. 

Erysipelas  152. 

Ether. 

Expectoration  of  pus,  203. 

F.  Foreign  body,  pleural  cavity. 
Formaldehyde. 

Formalin,  intravenous. 

G.  Gangrene,  pulmonary. 

German  measles  7. 

Glucose,  intravenous. 


G.  Gunshot  wound,  232,  240,  251,  260. 

H.  Hemorrhage,  intestinal  mucosa. 

Herpes. 

Hemorrhage,  punctate  249a. 

Hemorrhage,  lungs. 

I.  Influenza  126,  206,  209,  212,  229. 

do.  bacillus,  25,  34. 

Infarction. 

Infection. 

Infection,  mixed,  35,  57,  92,  93. 
Intravenous  medication. 

J.  Jaundice. 

K. 

L.  Laryngitis. 

Liver. 

M.  Measles  3,  9,  11,  13,  15,  16. 

Meningitis. 

Mumps  25,  26,  37,  112,  124. 

Mastoiditis  21. 

N.  Nephritis,  53,  148,  241. 

O.  Orchitis,  28,  169. 

Otitis  media,  36,  150,  151. 

Osteomyelitis,  111. 

P.  Pericarditis,  36,  43,  68. 

Phlebitis,  150. 

Pneumococcus,  abscess. 

Pneumothorax,  78. 

Pharyngitis. 

Pleuritis,  fibrinous,  opp.  side  113,  42,  487. 
Pleurobron.  commun.  190,  206. 

Q. 

R.  Recurrences. 

S.  Saline  irrigation,  250. 

Serum,  tr.,  16,  126. 

Scarlet  fever. 

Suction,  23,  266. 

Strept.  nonhem. 

Sec.  opera.  1,  9,  13,  14,  18,  19,  21. 
Staphylococcus,  37,  54,  66,  92,  96. 

Silver  nitrate  6. 

Sinusitis. 
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T.  Tuberculosis  5,  34,  46,  47. 

Y. 

Transfusion. 

Z. 

U.  Ulcer. 

Y.  Vaccine  22,  126. 

Follow-up  replies: 

Vomiting. 

Well. 

W. 

Handicapped. 

X. 

Reoperated. 

Fig.  2. — Device  for  determining  intervals  in  histories. 


The  first  step  in  reducing  the  data  furnished  by  the  empyema  case  abstracts 
to  a  form  permitting  ready  comparison  of  individual  cases  was  u  intervalling  ” 
the  events  in  the  clinical  histories.  Starting  with  the  day  of  admission  to  the 
hospital  as  zero,  the  number  of  days  that  had  elapsed  when  a  given  event 
occurred  was  determined  and  the  corresponding  number  written  over  the 
event  on  the  original  record.  A  mechanical  device  was  invented  to  facilitate 
the  reckoning  of  these  intervals.  This  device  a  is  shown  in  Figure  2.  The 

®  It  was  subsequently  learned  that  a  similar  device,  divided  to  include  365  days  for  five  years  and  called  a  “Hemera- 
metre,”  was  employed  in  the  French  Army. 
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degrees  of  a  cardboard  protractor  were  numbered  consecutively  from  1  to  360 
to  represent  the  calendar  from  January  1  to  December  26  (one  year,  less  five 
days).  The  centers  of  the  two  protractors  were  pivoted  over  each  other  so 
that  the  smaller  scale  revolved  upon  the  larger.  By  placing  the  zero  of  the 
numbered  scale  in  coincidence  with  any  given  date  on  the  calendar  scale  it 
was  possible  to  read  off  at  a  glance  the  number  of  days  between  that  date 
and  any  other  given  date,  provided  the  two  were  less  than  a  year  apart.  If 
the  division  representing  December  26  was  passed  in  using  this  device,  five 
days  were  added,  or  the  zero  mark  of  the  numbered  scale  was  set  back  five  days. 
This  was  because  the  circles  were  divided  into  360  degrees,  while  the  year  has. 
365  days.  For  a  like  reason,  a  day  was  added  if  February  28  was  crossed  in 
making  readings  for  leap  year. 

When  the  events  recorded  on  the  case  abstracts  had  been  intervalled,  they 
were  entered  in  abbreviated  form  on  the  briefs  described.  These  briefs  were 
the  working  sheets  used  in  studying  and  comparing  the  individual  cases. 

Preparation  of  case  briefs.16 — The  term  “case  brief”  was  applied  to  abbre¬ 
viated  records  of  the  clinical  histories  of  cases  of  empyema,  arranged  according 
to  a  plan  which  permitted  ready  comparisons.  A  relatively  simple  history  in 
the  briefed  form  is  reproduced  in  Chart  I.  The  left  of  the  caption  gives  the 
name  of  the  patient,  his  home  or  permanent  address,  the  date  of  his  admission 
to  the  hospital  where  he  was  first  treated  for  empyema,  and  the  diagnosis  at 
the  time  of  admission.  At  the  right  of  the  caption  is  the  hospital  with  a 
superimposed  memorandum  of  the  maximum  recorded  capacity  of  the  empyema 
cavity.  This  memorandum  was  taken  from  the  reports  of  the  amounts  of 
fluid  withdrawn  at  any  one  time  either  by  aspiration  or  at  operation.  Following 
the  hospital  designation  is  the  chronological  number  of  the  patient,  and  beneath 
it  are  his  register  or  serial  number,  a  letter  indicating  the  disposition  made  of 
the  patient,  followed  by  the  number  of  days  that  had  then  elapsed  after  his 
admission,  and  an  abbreviation  for  the  microorganisms  found  in  the  pleural 
exudate.  On  the  following  line  is  the  date  of  disposition.  Beneath  the  cap¬ 
tion,  penciled  rulings  make  it  possible  to  pick  out  any  desired  square  in  this 
area  of  the  cross-sectioned  paper  on  which  the  brief  was  written.  Each  square 
represents  a  single  day  in  the  clinical  history  of  the  patient.  The  square  in 

the  left  upper  corner  was  used  for  the  first  day  after  that  on  which  he  was 
admitted  to  the  hospital.  The  sizes  of  the  page  and  squares  permit  a  daily 
record  extending  somewhat  over  two  years.  The  margin  to  the  right  of  the 
ruled  area  contains  details  which  could  not  be  inserted  in  the  squares,  or 

memoranda  of  special  interest  which  might  be  overlooked  unless  given  this 
emphasis. 

The  history  chosen  as  an  example  may  be  written  out  in  the  following 
terms : 

The  patient  was  admitted  to  the  base  hospital,  Camp  Dodge,  Iowa,  on 
March  27,  1918.  The  diagnosis  on  admission  was  influenza  with  lobar  pneu¬ 
monia  in  the  right  lower  lobe.  Two  days  later,  he  developed  diphtheria  and 
received  20,000  units  of  antitoxin.  On  the  eighth  day  after  admission  an 
effusion  was  detected  in  the  right  pleural  cavity  and  1,200  c.  c.  of  turbid  yellow 
fluid  containing  hemolytic  streptococci  were  withdrawn  by  aspiration.  The 
following  day  450  c.  c.  were  removed. 
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On  the  21st  day,  April  17,  resection  of  the  eighth  rib  in  the  right  post- 
axillary  line  was  done  and  1,000  c.  c.  of  creamy  yellow  pus  were  evacuated. 
Simple  drainage,  with  daily  dressings,  constituted  the  postoperative  treatment 
for  the  following  six  weeks.  At  this  time  he  had  been  in  the  hospital  63  days. 
Carrel-Dakin  antisepsis  was  then  instituted  and  continued  for  11  days,  after 
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1- 1  daily  dressing 

2- 2  Carrel-Dakin 

3- 3  Dakin  irrigation 

4- 4  Saline  irrigation 

5- 5  dry  dressings 
,  tubes  removed 

ti ,  tubes  re-inserted 

6- 6  dry  dressings? 

*T:  Ft.Des  Moines 
Dressings 

Q: 11/1/18. 
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Undelrrere4 

150 : NWtl65 ; DWtl60 
Short  of  wind, 
Lameness  in  side. 
Light  labor:  some  work 
on  home  farm. 


Chart  I. — Final  condensed  brief  of  case. 


which  the  tubes  were  removed  and  the  application  of  Dakin  solution  limited 
to  a  single  daily  irrigation.  It  is  obvious  that  at  the  end  of  this  period  progress 
was  not  wholly  satisfactory  because  a  tube  was  reinserted  on  the  one  hundred 
and  seventh  day  to  secure  greater  freedom  of  drainage,  but  there  is  no  evidence 
that  other  treatment  beyond  simple  dressings  was  employed.  Ten  days  later 
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the  tube  was  again  removed  and  the  cavity  was  allowed  to  close  132  days 
after  the  patient  was  admitted  to  the  hospital.  The  closure  was  not  permanent. 

On  September  11,  the  one  hundred  and  sixty-eighth  day,  the  patient  was 
transferred  to  Fort  Des  Moines,  where  dressings  of  the  thoracic  wound  were  con¬ 
tinued  until  final  closure  on  the  two  hundred  and  twelfth  day,  and  one  week 
later  he  was  sent  to  quarters.  He  was  discharged  from  the  Army  on  Decem¬ 
ber  12,  1919,  which  was  625  days  after  his  admission  to  the  hospital  at  Camp 
Dodge  and  406  days  after  his  return  to  duty. 

In  response  to  a  letter  of  inquiry,  this  patient  reported  on  February  12, 
1920,  two  months  after  he  had  received  his  discharge  from  the  Army,  that  his 
weight  was  150  pounds,  his  normal  weight  was  165  pounds,  and  his  weight  at 
the  time  of  discharge  160  pounds,  that  he  was  “  short  of  wind,  experienced 
lameness  in  his  side,  and  was  doing  light  work  on  the  home  farm.” 

When,  as  in  this  case,  there  are  records  of  leucocyte  counts,  they  were 
entered  with  a  pen  in  red  ink  in  the  squares  corresponding  to  the  days  of  obser¬ 
vation,  the  figures  being  thousands  and  fractions  of  thousands. 

In  the  event  of  death,  notes  of  the  autopsy  findings,  when  available,  were 
transcribed  upon  the  briefs. 

Since  the  salient  features  of  each  case  were  noted  on  the  right  margin  of 
the  page,  the  briefs  could  be  easily  grouped  according  to  similarities  or  diver¬ 
gencies  in  the  course  of  the  disease  or  the  character  of  treatment.  This  flexi¬ 
bility  of  the  system  facilitated  greatly  the  comparative  study  of  the  large  num¬ 
ber  of  cases  for  which  histories  were  available.  Furthermore,  the  preparation 
of  these  briefs  called  attention  to  gaps  in  the  histories  which  it  was  often  possi¬ 
ble  to  fill  by  searching  for  the  missing  information.  Cases  with  exceptional 
features  were  rendered  prominent  by  this  method  of  recording. 

It  is  obvious  that  these  briefs  were  not  only  useful  in  the  way  just  men¬ 
tioned,  but  that  they  also  served  as  an  index  to  the  more  voluminous  records 
from  which  they  were  prepared. 

The  number  of  briefs,  follow-up  letters,  and  autopsy  records  for  cases  of 
empyema  admitted  during  1917  and  1918  for  which  data  were  collected  in  the 
manner  described  is  shown  in  Table  I. 


Table  1. — Summary  of  cases  included  in  the  special  empyema  records  for  1917  and  1918. 


Camps. 

Survived. 

Died. 

Briefs. 

Follow- 

up 

letters. 

Briefs. 

Autop¬ 

sies. 

Beauregard . 

68 

53 

28 

0 

Bowie . 

144 

79 

77 

48 

Cody . 

107 

51 

32 

9 

Custer . 

155 

92 

63 

32 

D evens . 

77 

54 

21 

21 

Dix . 

71 

55 

19 

3 

Dodge . 

126 

77 

216 

177 

Eustis . 

8 

0 

1 

1 

Fremont . 

17 

9 

0 

0 

Grant . 

121 

74 

29 

19 

Greene . 

67 

52 

36 

24 

Gordon . 

119 

58 

32 

12 

Hancock . 

40 

26 

9 

2 

Humphreys . 

17 

0 

8 

0 

Jackson . 

14 

0 

2 

0 

Johnston . 

23 

18 

6 

0 

Kearny . 

6 

5 

18 

18 

Lee . 

146 

101 

24 

18 

Lewis . 

70 

25 

7 

6 

Logan . 

31 

19 

7 

0 

Survived. 

Died. 

Camps. 

Briefs. 

Follow¬ 

up 

letters. 

Briefs. 

Autop¬ 

sies. 

Mac  Arthur . 

19 

12 

2 

0 

McClellan . 

41 

29 

2 

2 

Meade . 

60 

50 

28 

9 

Merritt . 

64 

48 

68 

26 

Mills . 

86 

47 

33 

0 

Pike . 

188 

159 

90 

57 

Sevier . 

34 

26 

18 

16 

Shelby . 

40 

24 

8 

6 

Sherman . 

87 

67 

89 

54 

Stuart . 

33 

22 

6 

0 

Travis . 

134 

107 

29 

8 

Upton . 

54 

12 

24 

2 

Wadsworth . 

28 

19 

17 

11 

Wheeler . 

80 

38 

49 

.  19 

General  and  debarka- 

2, 356 

1,496 

1,096 

600 

tion  hospitals . 

426 

291 

91 

20 

F orts  and  miscellaneous . 

157 

78 

73 

16 

2,  939 

1,865 

1,260 

636 
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CHAPTER  II. 


EPIDEMIOLOGY. 

STUDY  OF  THE  COMBINED  DATA  FROM  TWENTY-THREE  CAMPS. 

The  records  obtained  in  the  manner  described  in  the  preceding  chapter  show 
that  cases  of  empyema  occurred  in  camps  in  all  parts  of  the  United  States. 
The  incidence  of  these  cases  falls  into  two  main  groups.  The  first  comprises 
those  occurring  in  the  fall  of  1917,  soon  after  the  camps  were  established,  and 
during  the  early  months  of  1918.  The  second  period  of  high  incidence  began 
in  the  late  summer  and  fall  of  1918  and  extended  in  some  instances  into  the 
early  months  of  1919.  Between  these  two  groups  of  high  incidence,  the  cases 
in  a  given  camp  were  either  very  small  in  number  or  a  period  of  one  to  three 
months  elapsed  in  which  no  new  cases  were  reported. 

The  reports  received  from  23  base  hospitals  are  sufficiently  full  to 
give  a  clear  picture  of  the  incidence  of  empyema  in  the  respective  camps. 
These  data  are  depicted  by  diagrams  in  Figure  3.  An  enlargement  of  the 
diagram  for  the  first  camp,  Camp  Devens,  appears  in  the  lower  left  corner, 
and  will  serve  to  explain  the  plan  used  in  preparing  those  of  all  the  camps. 
Two  fine  vertical  lines  separate  the  months  of  1918  from  those  of  the  preceding 
and  following  years;  and  the  black  columns  indicate  the  incidence  of  empyema 
as  the  ratio  per  thousand  men  in  the  camps  for  the  respective  months. 

Since  these  ratios  differed  very  widely,  they  could  not  be  represented  con¬ 
veniently  in  their  simple  arithmetical  relations.  For  example,  at  Camp  Devens, 
there  were  two  cases  of  empyema  reported  for  August,  1918.1  As  the  strength 
for  that  month  was  40, 048, 2  the  empyema  ratio  per  thousand  was  therefore 
0.050.  The  next  month,  with  the  advent  of  influenza,  the  number  of  reported 
cases  of  empyema  rose  to  52,1  giving  a  ratio  of  1.148  per  thousand  men,  the 
strength  of  the  camp  for  that  month  being  45,308.2  In  October  the  ratio  fell 
to  0.049,  almost  identical  with  that  of  August.  It  will  be  observed  from  these 
figures  that  the  ratio  for  September  rose  to  approximately  23  times  that  for 
the  adjacent  months.  To  have  given  the  column  for  September  this  relative 
height  on  a  simple  arithmetical  scale  would  have  carried  it  beyond  the  confines 
of  the  map.  For  the  presentation  of  such  widely  divergent  figures  in  a  com¬ 
pact  form,  it  was  necessary  to  employ  a  scale  which  would  compress  the  large 
quantities  into  small  compass  and  yet  preserve  the  relation  accurately.  A 
logarithmic  scale,  fulfilling  these  conditions  admirably,  was  employed  in 
preparing  the  diagrams  upon  the  map.  To  simplify  the  reading  of  the  dia¬ 
grams,  horizontal  lines  were  drawn  to  give  the  heights  of  the  columns.  These 
horizontal  lines  correspond  to  the  ratios  0.1  and  1  per  thousand  men, 
respectively.  On  the  enlarged  diagram  the  ratios  of  0.05  and  0.  5  are  also  given 
to  show  the  diminishing  increment  by  which  the  columns  lengthen  as  the  num¬ 
bers  they  represent  increase. 

The  use  of  the  logarithmic  scale  proved  so  valuable  in  the  studies  for 
this  chapter  that  a  diagram  is  introduced  here  in  explanation  of  its  advantages. 
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Fig.  3.  Incidence  of  empyema  in  Army  camps  and  cantonments  from  October,  1917,  to  January,  1919,  inclusive. 
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In  Figure  4  a  series  of  columns,  representing  successive  numbers  from  2  to  30, 
are  shown  in  close  contact  with  each  other.  Four  of  these  columns  are  marked 
with  the  numbers  they  represent,  2,  4,  8,  and  16.  Column  4  is  twice  the  height 
of  column  2  and  half  the  height  of  column  16.  Doubling  the  height  of  a  column 
squares  the  number  it  represents.  If  the  column  2  were  superposed  on  4,  the 
combined  height  would  equal  8,  but  if  the  2  were  added  to  8,  the  sum  of  the 
two  would  reach  the  level  of  16.  Adding  any  column  furnishes  a  total  height 
which,  on  this  scale,  is  equivalent  to  the  product  of  the  numbers  they  indi- 


Fig.  4. — Diagram  of  logarithmic  scale. 


vidually  represent.  It  follows  that,  if  two  lines  charted  upon  this  scale  are 
parallel,  the  quantities  they  represent  are  in  the  same  ratio  to  each  other  at  any 
two  points  on  the  same  vertical  line,  since  the  constant  distance  between  them 
represents  the  quotient  resulting  from  dividing  one  by  the  other.  If  they 
converge,  this  ratio  approaches  unity.  If  they  diverge,  the  ratio  correspond¬ 
ingly  departs  from  unity.  The  value  of  the  properties  of  the  logarithmic 
scale  will  become  evident  when  the  incidence  of  empyema  in  relation  to  other 
diseases  is  studied  in  the  individual  camps,  since  it  reveals  at  a  glance  the 
constancy  of  variations  in  the  ratios  for  the  figures  plotted. 
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Referring  again  to  Figure  3,  it  will  be  noted  that,  in  general,  those  camps 
in  which  the  men  were  lodged  in  tents  fared  better  than  those  providing  frame 
barracks  for  the  men.  This  is  especially  true  in  the  earlier  groups  of  cases 
which  occurred  in  the  later  months  of  1917  and  early  in  1918.  Camp  Logan, 
No.  18  (tents),  compares  favorably  with  Camp  Travis,  No.  20  (barracks),  Camp 
McClellan,  No.  10  (tents),  with  Camp  Gordon,  No.  9  (barracks).  On  the  other 
hand,  Camp  Bowie,  No.  19  (tents),  shows  a  higher  incidence  during  November 
and  December,  1917,  than  Camp  Travis,  though  the  termination  of  this  out¬ 
break  was  as  abrupt  as  and  coincident  with  that  at  Camp  Logan.  Again, 
Camp  Sevier,  No.  7,  and  Camp  Wheeler,  No.  8  (both  tents),  show  no  very 
marked  contrast  to  Camp  Gordon,  No.  9  (barracks). 

The  mode  of  housing  the  men  was  only  one  of  the  differences  between  the 
tent  camps  and  those  with  barracks,  as  the  men  brought  to  each  class  of 
camp  were  drawn  from  somewhat  different  sources.  Those  in  barracks  were 
drafted  men,  constituting  the  National  Army,3  while  the  National  Guard,  which 
consisted  in  part  of  men  having  at  least  some  previous  conception  of  military 
life,  was  brought  together  in  the  camps  provided  with  tents.4  That  previous 
military  life,  so  far  as  this  went,  did  not  very  materially  protect  men  from 
empyema  is  shown  by  the  figures,  and  their  experience  in  caring  for  themselves 
under  Army  conditions,  played  no  important  part  in  the  incidence  of  empyema. 
While  camps  in  which  the  incidence  was  smallest  are  among  those  in  which 
tents  were  used  and  the  men  more  experienced,  the  contrast  between  these 
camps  and  the  others  is  not  sufficient  to  be  stressed.  The  average  incidence  per 
month  for  December,  1917,  January,  February,  and  March,  1918,  in  tent  camps 
was  0.397;  in  those  with  barracks,  0.555  per  thousand  men  in  the  commands; 
or,  expressed  in  percentages,  monthly  ratio  in  tents,  41.7  per  cent;  in  barracks, 
58.3  per  cent. 

During  the  period  of  high  incidence  in  the  autumn  of  1918,  these  differ¬ 
ences  appear  less  striking.  The  figures  for  September,  October,  and  November, 
1918,  confirm  this  impression,  the  average  monthly  ratio  of  incidence  being 
0.447  for  the  11  tent  camps  and  0.482  for  the  12  others — 47  per  cent  and  53  per 
cent,  respectively.  No  appreciable  difference  existed  in  the  camp  populations 
at  this  time. 

In  the  current  literature  there  is  frequent  reference  to  an  association  of 
empyema  with  measles  during  the  early  period,  and  with  influenza  in  the 
later  epidemic.  The  relations  between  the  incidence  of  these  diseases  and 
other  respiratory  infections  to  that  of  empyema  will  be  illustrated  presently  by 
charts  for  individual  camps,  but  first  it  will  be  well  to  learn  what  light  can  be 
thrown  upon  the  relation  of  empyema  to  measles  by  a  collective  study  of  the 
available  statistics  bearing  upon  this  particular  question.  In  the  Office  of  the 
Surgeon  General,  United  States  Army,  the  admissions  for  measles  to  the 
military  hospitals  have  been  tabulated  for  each  month  from  September,  1917, 
to  December,  19 19. 5  From  these  data  and  from  special  empyema  records6 
Table  2  has  been  prepared  to  show  the  comparative  incidence  of  measles  and  of 
empyema. 


Table  2.° — Incidence  of  measles ,  empyema,  and  pneumonia  and  empyema  following  measles. 
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An  inspection  of  this  table  shows  that  in  any  given  camp  the  admissions 
for  measles  bear  no  exact  relation  to  the  incidence  of  empyema.  Neither 
does  the  number  of  recorded  postmeasles  empyemata  vary  with  much  pre¬ 
cision  in  conformity  to  the  variations  in  the  number  of  admissions  for  measles 
nor  conform  to  those  of  measles  complicated  with  pneumonia.  Though  these 
numbers  usually  increase  or  decrease  at  the  same  time,  the  extent  of  the  up¬ 
ward  or  downward  excursions  taken  by  each  is  often  markedly  different,  and 
in  many  instances  they  are  in  the  opposite  directions. 

Turning  to  the  totals  for  each  month,  in  order  to  eliminate  as  far  as  possible 
fortuitous  discrepancies  likely  to  occur  in  single  localities,  a  progressive  increase 
in  the  number  of  empyemata  as  compared  with  the  number  of  measles  cases  is 
revealed.  Starting  in  October,  the  empyemata  are  less  than  1  per  cent  of  the 
measles,  but  by  April  the  ratio  has  risen  to  over  30  per  cent.  If  the  series 
were  carried  further  through  the  year  there  would  come  a  time  when  the  number 
of  empyemata  exceeded  the  total  number  of  measles  cases.  At  the  time  of 
highest  incidence  of  measles,  the  total  for  empyemata  was  1.5  per  cent  of  the 
measles  and  the  recorded  postmeasles  empyemata  0.46  per  cent.  The  largest 
number  of  postmeasles  cases  was  in  December  and  the  highest  rate  in  February. 

It  is  clearly  evident  from  these  tabulated  figures  that  measles  plays  no 
direct  part  in  determining  the  incidence  of  empyema  in  the  sense  that  the 
latter  is  a  natural  sequela  of  measles.  That  it  may  be  a  contributing  cause 
when  other  conditions  prevail  can  not  be  either  established  or  disproved  by  a 
simple  array  of  figures  such  as  these,  but  is  suggested  by  the  fact  that  in  many 
instances  the  postmeasles  cases  increase  in  number  with  an  increase  of  measles. 
Whether  these  fluctuations  exceed  the  probabilities  deducible  from  the  doctrine 
of  chance  can  not  be  stated.  There  is  no  relationship  so  clearly  revealed  by 
this  table  that  it  can  be  stated  in  simple  terms. 

By  referring  to  Table  3,  it  will  be  seen  that  a  tabulation  of  influenza  and 
empyema  cases  reveals  no  obvious  and  simple  relationship  between  the  two. 
Since  the  proportion  of  cases  followed  by  empyema  is  too  small  for  such  a 
conclusion,  empyema  can  not  be  regarded  as  one  of  the  natural  sequelae  of 
influenza  in  the  sense  that  infection  of  the  pleura  leading  to  suppuration  is  a 
definite  part  of  its  pathology.  One  is  forced  to  search  elsewhere  for  more 
satisfactory  causes  predisposing  to  the  development  of  empyema. 

Bacteriological  examinations  of  empyema  fluids  revealed  the  presence  of 
organisms  commonly  associated  with  suppurative  or  at  least  exudative  inflam¬ 
mations  in  other  regions  in  substantially  all  cases.  The  organisms  most  usually 
found  are  pneumococci,  streptococci,  and  staphylococci.  More  rarely  the 
influenza  or  tubercle  bacillus,  or  bacillus  mucosus  capsulatus  were  encountered. 
There  were  many  instances  in  which  two  or  three  bacteria  were  found  in  the 
fluids  obtained  at  the  first  diagnostic  aspiration. 
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Table  3.« — Incidence  of  influenza  and  of  empyema.  Absolute  numbers. 

[Note. — The  number  of  cases  definitely  recorded  as  being  postinfluenzal  are  given  in  parentheses.] 


1918. 


Camps. 

August. 

September. 

October. 

November. 

December. 

Influ¬ 

enza. 

Empy¬ 

ema. 

Influ¬ 

enza. 

Empy¬ 

ema. 

Influ¬ 

enza. 

Empy¬ 

ema. 

Influ¬ 

enza. 

Empy¬ 

ema". 

Influ¬ 

enza. 

Empy¬ 

ema". 

I)  evens . 

26 

2 

9, 329 

52 

(27) 

1,040 

2 

(2) 

32 

6 

(2) 

121 

4 

(3) 

Upton . 

21 

0 

3,033 

5 

(3) 

2,226 

13 

(4) 

523 

5 

(2) 

124 

3 

Meade . 

50 

0 

7,465 

11 

(ID 

5,929 

22 

(13) 

199 

2 

95 

4 

Lee . 

24 

0 

7,148 

1 

(L 

5,372 

0 

185 

0 

628 

0 

Greene . 

18 

0 

228 

2 

(1) 

3,998 

15 

(10) 

102 

0 

75 

1 

(1) 

Hancock . 

46 

0 

1,296 

4 

(3) 

6,813 

25 

(24) 

206 

6 

118 

2 

(2) 

Sevier . 

17 

0 

2,211 

2 

(2) 

3,673 

1 

(1) 

156 

0 

105 

0 

Wheeler . 

155 

3 

(1) 

142 

0 

389 

5 

(1) 

108 

6 

(3) 

26 

0 

Gordon . 

267 

6 

745 

25 

(17) 

151 

12 

(3) 

11 

0 

4 

2 

McClellan . 

12 

0 

170 

1 

(1) 

5, 204 

20 

(11) 

294 

3 

76 

3 

(1) 

Sherman . 

22 

2 

1,725 

22 

(9) 

4,620 

73 

(38) 

53 

4 

27 

2 

Custer . 

17 

2 

1,089 

8 

(4) 

6,551 

76 

(56) 

68 

5 

(2) 

7 

7 

(1) 

Grant . 

8 

2 

5,798 

29 

(36) 

3,284 

50 

(39) 

100 

4 

(4) 

149 

5 

(1) 

Dodge . 

39 

8 

(2) 

757 

15 

(9) 

9,734 

105 

(96) 

492 

8 

(1) 

317 

4 

(1) 

Pike . 

77 

4 

6, 560 

34 

(19) 

5,717 

55 

(31) 

200 

4 

95 

11 

(2) 

Shelby . 

260 

2 

679 

1 

(1) 

1,730 

7 

(6) 

315 

5 

(5) 

94 

1 

Beauregard . 

26 

0 

3,520 

11 

(8) 

2,356 

13 

(9) 

98 

0 

24 

0 

Logan . 

97 

0 

2,238 

10 

(9) 

2,018 

5 

(2) 

220 

0 

180 

0 

Bowie . 

6 

0 

766 

1 

3,325 

12 

(8) 

136 

4 

39 

1 

Travis . 

230 

2 

301 

1 

10, 194 

20 

(17) 

570 

1 

(1) 

953 

0 

Cody . 

25 

1 

(1) 

16 

0 

2,178 

17 

(17) 

525 

9 

(7) 

28 

0 

Fremont . 

3 

0 

9 

0 

526 

2 

16 

0 

8 

1 

Lewis . 

401 

0 

582 

4 

(1) 

3,029 

12 

(10) 

657 

1 

(1) 

160 

4 

(1) 

Total . 

1,  S50 

34 

55, 807 

239 

' 

90,057 

562 

5,266 

73 

3,453 

55 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special  empy¬ 
ema  reports  made  to  the  Office  of  the  Surgeon  General. 


A  natural  inquiry  would  be  the  relative  frequency  with  which  these  groups 
of  organisms  occurred  in  relation  to  the  total  numbers  of  empyema  cases  at 
intervals  during  the  epidemic.  Table  4  gives  by  months  the  total  number  of 
empyema  cases  recorded  for  the  23  camps  included  in  the  map,  the  number  of 
positive  bacteriological  reports,  and  those  reports  which  showed  streptococci 
and  pneumococci.7  Since  it  is  not  eas}^  to  comprehend  the  significance  of  this 
table,  these  data  have  been  plotted  as  shown  in  Chart  II. 


Table  4.a — Comparison  of  the  microorganisms  in  pleural  exudates. 


Empye¬ 

ma. 

Positive 

reports. 

Positive 
reports — 
Per¬ 
centage. 

Strepto¬ 

coccus 

group 

Strepto¬ 
coccus — 
Per¬ 
centage 
of  total. 

Strepto¬ 
coccus — 
Per¬ 
centage 
positive 
reports. 

Pneumo¬ 

coccus. 

Pneumo¬ 
coccus— 
Per¬ 
centage 
of  total. 

Pneumo¬ 
coccus — 
Per¬ 
centage 
positive 
reports. 

1917. 

October . 

24 

•  10 

41.6 

4 

16.6 

40.0 

6 

25.0 

60.0 

November . 

168 

68 

40.5 

25 

14.9 

36.7 

43 

25.6 

63.3 

December . 

387 

202 

52.2 

116 

30.0 

57.4 

86 

22.2 

42.6 

1918. 

January . 

388 

254 

65.4 

179 

46.1 

70.5 

75 

19.3 

29.5 

February . 

186 

137 

73.6 

102 

54.8 

74.4 

35 

18.8 

25.6 

March . 

255 

193 

76. 1 

179 

70.6 

92.7 

14 

5.5 

7.3 

April . 

292 

228 

78.  1 

191 

65.4 

83.8 

37 

12.7 

16.2 

May . 

94 

67 

71.3 

56 

59.4 

83.6 

11 

11.5 

16.4 

June . 

29 

27 

93.0 

18 

62.0 

66.7 

9 

31.0 

33.3 

July . 

22 

19 

86.3 

11 

50.0 

57.8 

8 

36.3 

42.2 

August . 

34 

26 

76.4 

13 

38.2 

50.0 

13 

38.2 

50.0 

September . 

239 

190 

79.5 

108 

45.2 

56.8 

82 

34.3 

43.2 

October . 

562 

423 

75.3 

243 

43.3 

44.3 

180 

32.0 

55.7 

November . 

73 

54 

74.0 

40 

54.8 

74. 1 

14 

19.2 

25.9 

December . 

55 

36 

65.5 

28 

51.0 

77.8 

8 

14.5 

22.2 

2,808 

1,934 

68.8 

1,313 

46.7 

67.9 

621 

23.0 

32.1 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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Chart  II  brings  out  a  very  striking  parallelism  between  the  cases  of  strep¬ 
tococcus  empyema  and  the  total  number  of  empyema  cases.  The  pneumococcus 
cases  pursue  a  more  independent  course.  As  a  matter  of  fact,  between  November, 
1917,  and  April,  1918,  the  majority  of  the  empyemata  were  the  result  of  strepto¬ 
coccus  infection.  After  this,  there  is  a  marked  recession  until  August,  when  the 
percentage  of  streptococcus  cases  again  increases.  In  contrast  to  this,  the 
pneumococcus  curve  recedes  after  November,  1917,  with  a  sudden  decrease  in 


March.  After  April  the  number  of  pneumococcus  infections  increases,  and 
from  June  until  October  pneumococci  play  a  more  prominent  part  than  at  any 
previous  time.  t  After  this  there  is  a  rapid  decline  in  the  proportion  of  cases 
associated  with  this  organism.  The  relations  just  described  are  better  illus¬ 
trated  in  Chart  III,  where  the  empyema  curve,  shown  in  Chart  II,  is  represented 
by  a  straight  line  and  the  distances  between  it  and  the  streptococcus  and 
pneumococcus  empyemata  are  plotted  to  form  simple  arithmetical  curves.  The 
abrupt  rise  shown  by  the  pneumococcus  curve  during  April  coincides  with  an 
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outbreak  of  influenza  in  the  camps  at  that  time  just  as  the  still  greater  rise  in 
September  and  October  coincides  with  the  pandemic  ol  that  disease. 

To  pursue  the  thread  of  this  inquiry,  it  is  necessary  to  discover  the  sources 
of  those  organisms  which  have  been  shown  to  be  most  frequently  associated 
with  empyema.  The  pneumococcus  is  present  in  the  lungs  in  the  vast  majority 
of  cases  of  lobar  pneumonia,  as  well  as  those  not  conforming  strictly  to  the 
typical  forms  of  lobar  pneumonia.  The  streptococcus  is  also  known  to  be  present 
in  many  varieties  of  pneumonia,  but  particularly  in  the  bronchial  types.  In 
either  case  the  portal  of  entry  is  through  the  upper  respiratory  tract.  It  is  well 
known  that  streptococci  frequently  find  lodgment  in  the  throat  and  induce 
pharyngitis,  or  tonsillitis.  They  may  persist  in  these  parts  without  inducing 
noticeable  symptoms.  Healthy  carriers  of  organisms  of  this  group  are  not  very 
uncommon,  particularly  when  people  are  thrown  together  in  close  association. 
There  are  abundant  reports  in  the  literature  demonstrating  this  fact. 

These  considerations  suggest  the  importance  of  studying  the  relations 
between  empyema  and  infections  of  the  upper  respiratory  tract.  Infections 
which  fail  to  produce  symptoms  could  be  detected  only  by  bacteriological 
surveys,  which  were  not  systematically  made. 

Table  5  contains  the  total  respiratory  diseases,  including  influenza,  for  the 
23  selected  camps  lying  in  different  parts  of  the  United  States.  Pneumonia  and 
empyema  also  are  given.  The  percentages  of  empyema  with  respect  to  other 
respiratory  diseases  and  to  pneumonia  are  found  in  the  last  two  columns.  It 
is  apparent  from  these  percentages  that  the  incidence  of  empyema  bears  a  more 
nearly  constant  relation  to  infections  of  the  upper  air  passages  than  to  pul¬ 
monary  infections.  This  does  not,  however,  necessarily  imply  that  a  pneu¬ 
monia  does  not  enter  into  the  history  of  individual  cases  of  empyema.  In 
fact,  this  is  almost  invariably  the  case.  But  the  deduction  suggested  by  these 
calculations  is  that  whether  a  given  pneumonia  is  or  is  not  to  be  complicated 
by  empyema  depends  to  some  extent  upon  the  existence  and  character  of  a 
preceding  infection  of  the  upper  respiratory  tract. 


Table  5  a— Relations  between  pneumonia  and  other  respiratory  diseases  and  empyema ,  23  Army 

camps. 


Pneumo¬ 

nia. 

Other 

respiratory 

diseases. 

Empye¬ 

ma. 

Per  cent  of 
pneumonia. 

Per  cent 
of  other 
respiratory 
diseases. 

Optnber 

1917. 

533 

4, 855 

24 

4.5 

0.49 

Nnvp.mher  . 

1,620 

14, 827 

168 

10 

1. 12 

December  . . 

1,926 

24,  567 

387 

20. 1 

1.57 

Tsmnnrv 

1918. 

2, 026 

26, 825 

388 

19. 15 

1.67 

February  . 

1,228 

16,  960 

186 

15. 14 

1.  1 

March  . 

1,284 

22, 112 

255 

19.  86 

1. 15 

A  pril  . - . 

1,  565 

32,311 

292 

18.6 

.9 

'799 

11,593 
6,  233 

94 

11.76 

.81 

525 

29 

5.  52 

.46 

Julv  . 

475 

6, 156 

22 

4.63 

.36 

Alienist  . 

851 

7,478 

34 

4 

.45 

ftentem  hpr  . 

2, 997 
6, 077 
1,207 
776 

65,  048 

239 

7.98 

.37 

Oetoher  . 

99,  673 
10, 301 

562 

9.  25 

.56 

November  . 

73 

6.05 

.71 

December  . . . 

11,983 

55 

7.1 

.47 

_ . 

a  Sources  of  information:  1  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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If  the  above  deduction  were  supported  by  a  more  detailed  study,  it  would 
have  an  important  bearing  on  the  preventive  measures  likely  to  reduce  the 
occurrence  of  empyema  and  would  tend  to  avert  the  very  serious  disabilities 
following  this  disease. 

STUDY  OF  DATA  FROM  EACH  OF  TWENTY-THREE  CAMPS. 

Because  combined  statistics  such  as  the  foregoing  give  totals  only,  and  these 
may  mask  individual  departures  from  the  average  that  may  be  of  importance, 
it  is  desirable  to  study  separately  each  of  the  camps  contributing  to  these  totals. 
The  following  pages  are  devoted  to  this  study. 

In  the  tables  and  graphic  charts  included  in  this  section,  the  data  concerning 
pneumonia  and  common  respiratory  diseases  have  been  obtained  from  monthly 
reports  of  sick  and  wounded  to  the  Office  of  the  Surgeon  General,  United  States 
Army.  The  data  concerning  the  incidence  of  empyema  and  the  associated 
bacteria  are  derived  from  the  special  empyema  records  described  in  Chapter  I 
of  this  section.  They  also  are  expressed  in  monthly  ratios  per  thousand  men, 
but  the  absolute  numbers  are  given  in  addition  so  that  the  number  of  cases 
upon  which  those  ratios  are  based  and  the  incompleteness  of  the  bacteriological 
data  may  be  seen.  Where  information  supplementing  that  contained  in  the 
special  empyema  records  was  available,  it  has  been  used.  Such  information 
was  sometimes  furnished  by  replies  to  the  questionnaire  concerning  empyema 
which  was  sent  to  military  hospitals  by  the  Surgeon  General  on  February  21, 
1919. 8  It  has  not  always  been  possible,  however,  to  compare  accurately  the 
data  in  these  replies  with  those  in  the  special  empyema  records.  There  are  two 
reasons  for  this.  First,  the  replies  were  frequently  in  percentages  rather  than 
in  absolute  numbers.  Second,  cases  which  had  not  developed  empyema  at 
the  time  the  replies  were  prepared  could  be  included,  but  empyema  cases  included 
in  the  special  empyema  records  were  always  referred  to  the  date  of  admission 
for  the  primary  disease  irrespective  of  the  interval  between  that  date  and  the 
development  or  recognition  of  the  empyema.  Since  the  dates  of  transmission 
of  the  replies  are  the  only  dates  given,  it  has  been  impossible,  particularly 
when  empyema  cases  were  numerous,  to  know  just  what  cases  were  common 
to  both  sources  of  information.  The  replies  relate  only  to  those  which 
occurred  in  the  fall  of  1917  and  the  early  months  of  1918. 

For  additional  facts  regarding  cases,  particularly  in  the  later  months  of 
1918,  valuable  information  has  been  obtained  from  reports  published  in  current 
medical  journals.  Where  these  were  available  and  contained  statistical  data, 
they  have  been  freely  used. 

There  is  at  least  one  known  element  of  incompleteness  in  the  data  contained 
in  the  special  empyema  records,  which  it  has  been  impracticable  to  avoid. 
This  arises  from  the  fact  that  empyema  is  a  secondary  or  complicating  disease 
in  substantially  all  instances.  Unless  a  given  case  was  transferred  from  the 
medical  to  the  surgical  service  of  a  hospital,  the  occurrence  of  empyema  was 
likely  to  be  noted  only  as  an  incident  in  the  clinical  history  and  this,  when 
filed,  was  indexed  under  the  primary  disease  for  which  the  case  was  admitted 
to  the  hospital.  If,  however,  the  case  was  transferred  to  the  surgical  service 
for  the  treatment  of  empyema,  it  would  there  be  classed  as  such  and  so  indexed 
in  the  files. 


60 


SURGERY. 


It  follows  from  this  that  the  special  empyema  records  probably  include 
substantially  all  cases  coming  to  operation  and  transferred  to  surgical  wards 
but  probably  do  not  include  many  cases  which  were  never  transferred.  Em- 
pyemata,  first  recognized  at  autopsy,  have  undoubtedly  been  frequently 
omitted.  Clinically  unrecognized  cases  on  which  no  post-mortem  was  held 
would,  of  course,  remain  unknown.  There  can  be  no  doubt  of  the  actual  existence 
of  such  cases  but  their  number  can  not  be  estimated. 

In  grouping  the  bacteriological  findings  into  three  broad  classes — pneu¬ 
mococcus,  streptococcus,  and  staphylococcus — some  liberty  has  been  taken 
which  may  have  served  to  exaggerate  to  a  slight  extent  the  number  of  cases 
associated  with  streptococci.  Some — probably  many — of  the  bacteriological 
reports  9  were  based  on  the  microscopical  examination  of  a  stained  streak  or 
smear  of  the  exudate  without  the  preparation  of  cultures.  This  resulted 
in  such  inconclusive  diagnoses  as  “  diplococci”  or  “ Gram-positive”  cocci,  or 
diplococci.  These  might  actually  have  been  pneumococci  or  streptococci,  or 
even,  in  some  instances,  staphylococci.  They  have  been  placed  in  the  strepto¬ 
coccus  group.  The  justification  here  advanced  for  this  is  that  in  many  cases — 
in  probably  the  majority — certain  streptococci,  particularly  hemolytic  strepto¬ 
cocci,  fail  to  appear  in  chains  when  a  pleural  exudate  is  examined  morpho¬ 
logically  soon  after  withdrawal  from  the  chest.  They  appear  as  diplococci, 
with  the  adjacent  sides  slightly  flattened.  Sometimes  two  to  four  such  diplo¬ 
cocci  will  be  in  juxtaposition,  but  this  often  appears  to  be  fortuitous,  and  a 
positive  diagnosis  of  streptococcus  would  be  deemed  hazardous.  Their  appear¬ 
ance  differs  considerably  from  that  of  the  capsulated,  lanceolate,  diplococcus 
forms  constituting  the  classical  picture  for  the  pneumococcus.  It  appears 
highly  probable  that  the  term  “  diplococcus  ”  was  used  to  describe  the  organism 
as  being  safer  than  to  venture  upon  a  more  specific  designation  in  the  absence 
of  appearances  clearly  indicating  that  they  were  pneumococci.  However  this 
may  be,  the  instances  of  such  inconclusive  diagnoses  are  not  numerous,  and 
to  include  all  among  the  streptococci,  where  doubtless  the  majority  of  them 
actually  belong,  can  not  seriously  affect  the  statistics. 

The  pneumococci  obtained  from  pleural  exudates  have  been  typed  so 
rarely  that  no  useful  purpose  would  be  served  by  attempting  to  classify  the 
findings  in  this  respect  in  the  tables  given  in  this  chapter. 

In  view  of  all  the  foregoing  considerations,  it  has  appeared  most  instructive 
for  present  purposes  to  classify  the  bacteriological  findings  into  the  three  broad 
groups  adopted,  trusting  that  the  mass  of  the  statistics  would  minimize  inci¬ 
dental  inaccuracies. 

Finally,  it  should  be  stated  that  the  empyemata  included  in  these  tables 
and  charts  are  those  originating  in  the  respective  camps.  Transferred  cases 
are  excluded  because  they  throw  no  light  upon  epidemiological  questions. 

The  charts  give  in  graphic  form  the  relations  between  the  ratios  per 
thousand  men  contained  in  the  tables.  These  data  have  been  plotted  on 
paper  ruled  for  the  logarithms  of  the  actual  figures.  This  logarithmic  scale 
has  been  used  because  a  comparison  of  the  curves  so  plotted  is  particularly 
instructive.  If  any  portions  of  two  curves  are  parallel,  it  shows  that  the 
figures  represented  by  those  portions  are  in  the  same  ratio  to  each  other, 
and  the  vertical  distance  between  the  curves  gives  that  ratio.  For  example, 
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the  chart  for  Camp  Devens  shows  a  much  closer  parallelism  between  the 
curves  “E”  and  “R”  than  that  between  “E ”  and  UP,”  showing  that  in  this 
camp  there  was  a  more  uniform  relation  between  the  incidence  of  empyema 
and  infections  of  the  upper  respiratory  tract  than  between  empyema  and  the 
pneumonias.  The  actual  figures  are  given  by  the  small  numerals  at  the  side 
of  the  chart.  These  are  arranged  in  four  similar  banks,  each  bank  being  10 
times  that  of  the  one  immediately  below.  As  used,  the  first  bank  represents 
hundredths  (i.  e.,  ratios  of  0.01  to  0.09  per  thousand  men),  the  second  bank 
tenths  (0.1  to  0.9  per  thousand  men),  the  third  bank  units  (1  to  91),  and  the 
fourth  tens  (10  to  99).  Occasionally  the  figures  are  greater  than  100,  and 
therefore  the  curve  runs  off  the  ruled  portion  of  the  chart.  In  such  instances 
this  part  of  the  curve  has  been  calculated  to  conform  to  the  scale.  The  curve 
marked  “R”  represents  the  total  respiratory  diseases  less  the  pneumonias. 
It  includes,  therefore,  all  forms  of  influenza  and  common  respiratory  diseases, 
such  as  tonsillitis,  pharyngitis,  laryngitis,  and  bronchitis,  if  of  sufficient  severity 
to  entail  admission  to  the  hospital.  The  pneumonias  (lobar  and  broncho¬ 
pneumonia)  are  represented  by  the  curve  “P.”  The  monthly  ratios  per 
thousand  have  been  used  for  convenience  in  plotting.  Had  the  annual  rates 
been  used,  the  curves  would  have  exceeded  the  bounds  of  any  available  paper. 
This  method  does  not  in  any  way  change  the  character  of  the  curve  and  is  in 
exact  accord  with  the  mode  of  calculating  the  ratios  given  for  empyema  and 
associated  bacteria. 

CAMP  DEVENS. 


Camp  Devens,  Mass.,  was  situated  on  the  outskirts  of  Ayer,  a  town  of 
about  3,000  inhabitants,  30  miles  from  Boston.  10 

Drafted  men  from  New  England  and  part  of  New  York  were  assembled 
here.  10  The  urbanity  for  the  whole  territory  was  63.7  per  cent.  10 

Frame  barracks  were  used  as  quarters  for  the  troops.  10  The  strength  of 
the  command  reached  28,000  men  by  December,  1917,  all  white.  10  The  first 
contingent  of  2,184  men  arrived  between  September  5  and  10.  10 

Infectious  diseases  were  of  low  incidence  in  the  fall  of  1917,  measles 
being  largest  in  number,  reaching  a  total  of  201  cases  for  the  last  four 
months  of  that  year.  11  They  were  most  numerous  in  the  quarters  most 
crowded,  but  were  of  mild  type  and  generally  uncomplicated,  only  one  case 
of  lobar  pneumonia  being  reported.  This  occurred  in  December,  when  the 
incidence  of  measles  was  at  the  highest  point  for  that  year,  166  cases  being 
admitted  to  the  hospital.  The  following  month  the  admissions  rose  to  245, 
but  fell  to  49  the  next  month  and  never  exceeded  88  in  any  subsequent  month.  11 
From  the  start  the  camp  was  always  overcrowded.  10  The  accommodations 
were  designed  for  approximately  35,000  troops,  but  the  number  often  exceeded 
this,  reaching  at  one  time  45,000  (September,  1918).  10  Despite  this  congestion 
the  admissions  for  infectious  diseases  were  relatively  few.  This  may  be 
owing  to  the  high  proportion  of  men  from  urban  homes.  The  comparatively 
small  influx  of  troops  from  distant  parts  of  the  country  may  have  had  some 
influence  also. 

According  to  the  special  empyema  records,  the  first  case  to  develop 
empyema  was  admitted  to  the  hospital  December  29,  1917,  for  measles.  12 
Lobar  pneumonia  developed  in  the  left  upper  lobe  on  the  twenty-second  day 
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after  admission,  and  empyema  on  the  left  side  was  noted  four  days  later. 
The  empyema  was  treated  by  thoracotomy  and  drainage  on  the  day  it  was 
recognized.  Streptococci  were  found  in  the  discharge.  This  case  was  further 
complicated  by  abscesses  about  the  rectum,  in  the  sacral  and  gluteal  regions, 
in  the  rectus  abdominis,  and  in  the  left  shoulder,  apparently  involving  the 
joint.  Death  occurred  March  4,  1918,  65  days  after  admission  to  the  hospital. 
The  post-mortem  revealed  a  septic  infarct  in  the  upper  lobe  of  the  right  lung, 
with  acute  fibrinous  pleuritis  on  that  side.  On  the  left  side  there  was  an 
undrained  pocket  containing  200  c.  c.  of  pus  in  the  lateral  upper  portion  of 
the  pleura,  in  addition  to  the  drained  cavity  below.  Smears  from  the  right 
rectus  sheath  contained  streptococci. 

In  addition  to  the  foregoing,  there  were  four  cases  of  empyema  following 
true  measles  and  one  following  rubella.  13  These  all  occurred  prior  to  March, 
1918,  and  were  associated  with  streptococci.  Two  died,  12  and  52  days 
after  admission.  The  remaining  three  were  returned  to  duty  after  44,  113, 
and  151  days  in  the  hospital.  It  is  worthy  of  note  that  two  of  thwse  five  cases 
suffered  from  acute  follicular  tonsillitis  within  a  short  time  after  admission. 
It  is  also  noteworthy  that  five  other  cases  not  associated  with  .measles  were 
admitted  to  the  hospital  for  acute  infections  of  the  throat  prior  to  May,  1918 — - 
three  for  follicular  tonsillitis  and  two  for  pharyngitis.  The  pleural  exudates  in 
all  these  cases,  with  a  single  exception  lacking  a  record  of  any  bacteriological 
examination,  contained  streptococci. 

With  the  advent  of  epidemic  influenza,  the  number  of  cases  of  empyema 
increased  rapidly.  In  all,  41  cases  are  associated  with  this  disease  in  the  special 
empyema  records,  with  8  deaths.12  The  presence  of  streptococcus  is  less 
marked  in  this  period  than  in  the  earlier  period  of  high  incidence,  in  the  fall  of 
1917  and  early  in  1918. 

The  figures  given  above  and  in  the  tabulation  to  follow  do  not  correspond 
precisely  to  those  obtained  through  other  sources. 

In  the  reply  dated  February  27,  1918,  to  the  questionnaire  of  February 
21,  24  cases  of  empyema  were  reported,  among  which  11  died.9  The  special 
empyema  reports  include  only  11  cases,  with  1  death,  prior  to  February  27. 
This  is  such  a  serious  discrepancy  that  an  inquiry  into  the  reasons  for  its  occur¬ 
rence  is  important. 

When  the  request  for  data  concerning  empyema  was  sent,  on  January 
10,  1919,  to  military  hospitals  throughout  the  country,  it  could  be  complied 
with  only  by  consulting  the  records  preserved  in  the  hospitals.13  Many  cases 
of  empyema  would  inevitably  be  overlooked  in  searching  these  records. 

Examining  the  above  discrepancy,  it  appears  that  12  of  the  24  cases 
referred  to  in  the  reply  were  not  operated,  and  that  11  of  the  12  were  fatal.  On 
the  other  hand,  all  of  the  cases  appearing  in  the  special  empyema  reports 
were  operated.  If  the  unoperated  cases  just  referred  to  are  added  to  these, 
the  total  reaches  23,  or  only  1  less  than  the  total  given  in  the  reply,  but  with  a 
mortality  of  12,  instead  of  the  11  therein  noted.  The  discrepancy  becomes 
reduced  to  1  case  less,  and  1  death  more  in  the  special  empyema  report  as 
amended  with  data  included  in  the  reply  to  the  questionnaire  and  collected 
by  those  themselves  familiar  with  the  cases  while  in  the  hospital  wards.  The 
additional  death  had  not  taken  place  at  the  time  the  reply  was  sent. 
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It  will  not  be  possible  to  detect  such  discrepancies  as  the  foregoing  in  many 
of  the  reports  from  hospitals,  for  the  data  given  in  the  replies  to  the  question¬ 
naire  of  February  21  are  often  expressed  in  percentages,  without  the  absolute 
numbers  upon  which  those  percentages  are  based  being  stated.  But  it  is  well 
to  bear  in  mind  that  cases  of  empyema  not  admitted  to  the  surgical  wards, 
either  by  reason  of  recovery  without  operation  or  because  of  death,  are  liable 
to  escape  classification  as  empyema  and  in  consequence  fail  to  be  included  in 
the  special  empyema  reports.  The  data  concerning  incidence  and  other  ques¬ 
tions  of  epidemiological  importance  furnished  by  these  records  must  be  regarded 
as  minimal  rather  than  actual. 

Returning  to  the  data  furnished  in  the  reply:  In  23  of  the  24  cases,  a  bacteri¬ 
ological  examination  of  the  pleural  fluid  was  made.  In  15,  or  70  per  cent, 
streptococcus  alone  was  found;  in  five,  pneumococcus,  and  in  the  remaining 
two,  staphylococcus  associated  in  one  instance  with  streptococcus.  Two 
of  the  cases  followed  pneumonia  secondary  to  some  other  disease  (presumably 
measles).  This  would  be  approximately  8  per  cent  of  the  total  number  of 
empyema  cases. 

Another  source  of  information  concerning  empyema  at  Camp  Devens  in 
the  earlier  period  is  furnished  in  an  article  by  14  a  member  of  the  local  empyema 
team,  created  to  study  this  disease  in  the  base  hospital,  Camp  Devens.  The 
period  covered  is  from  September  27,  1917,  to  May  31,  1918,  or  35  weeks, 
beginning  at  a  time  when  the  camp  contained  approximately  18,000  men. 

There  were  77  cases  of  empyema,  of  which  14  were  preceded  by  measles, 
constituting  18.2  per  cent  of  the  whole  number  of  empyema  cases  considered. 
The  number  of  measles  cases  was  588,  so  that  those  which  developed  empyema 
were  a  trifle  less  than  2.4  per  cent.  The  measles  cases  developing  pneumonia 
were  41,  or  7  per  cent  of  all  the  measles  cases,  and  of  these,  34  per  cent  were  com¬ 
plicated  by  empyema.  This  is  a  much  higher  proportion  than  that  for  primary 
pneumonia,  which  is  given  as  15  per  cent.  The  bacteriological  examinations 
of  the  postmeasles  cases  are  not  separated  from  those  having  other  histories. 
The  most  frecpient  organism  found  in  all  77  cases  of  empyema  was  a  strep¬ 
tococcus  alone  in  53  per  cent  of  the  cases.  N ext  most  frequent  was  pneumococcus 
alone  in  27  per  cent,  and  the  two  in  association  amounted  to  17  per  cent.  If 
the  streptococcus  is  given  precedence  and  this  last  figure  added  to  the  53  per 
cent  in  which  this  organism  occurred  without  admixture,  the  total  number 
of  cases  in  which  the  streptococcus  was  found  amounted  to  70  per  cent,  exactly 
agreeing  with  the  figure  reported  in  the  reply  to  the  questionnaire  of  February 
21,  already  cited. 

There  is  still  another  clue  to  the  relative  part  assignable  to  the  streptococcus 
in  the  empyemata  at  different  periods.  In  the  published  article  referred  to  14 
there  were  9  cases  of  empyema  among  negroes,  in  which  the  streptococcus  was 
present  in  4,  the  pneumococcus  alone  in  5.  Among  the  contemporary  white 
troops  there  were  15  cases  of  empyema  in  which  the  streptococcus  either  alone 
(4  cases),  or  associated  with  pneumococcus  (8  cases)  was  found  in  12,  or  80 
per  cent.  These  cases  must  be  assigned  to  the  months  of  April  and  May  since 
the  number  of  negroes  in  camp  prior  to  April  was  negligible.  Before  this  date 
there  were  53  empyema  cases  among  the  white  troops,  35  with  streptococcus  alone, 
three  with  admixture  of  pneumococcus,  and  13  with  the  latter  alone.  These 
figures  indicate  that  up  to  April  a  streptococcus  was  associated  with  approxi- 
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mately  72  per  cent  of  the  cases.  There  appears,  therefore,  to  have  been  a  very 
slightly  increasing  preponderance  of  the  streptococcus  with  the  progress  of 
time  from  the  autumn  of  1917  to  the  spring  of  1918.  There  was  certainly 
no  diminution  in  its  relative  frequency  as  compared  with  the  pneumococcus. 
Nor  is  there  any  evidence  that  the  postmeasles  cases  which  were  most  numerous 
about  the  middle  of  this  period  were  peculiarly  prone  to  association  with 
streptococci. 


Chart  IV. — Epidemiological  chart  for  Camp  Devens,  Mass.,  in  monthly  ratios  per  thousand  men. 

The  reduced  significance  of  the  streptococcus  during  the  influenza  epidemic 
as  indicated  in  the  special  empyema  reports  is  also  emphasized  by  the  bacterio¬ 
logical  data  published  by  Gage,15  who  contrasts  the  two  periods.  In  the 
earlier  group  of  77  cases  the  streptococcus  was  present  in  53,  or  69  per 
cent;  in  the  later  group  of  61  cases,  in  26  per  cent.  The  pneumococcus  alone 
appears  in  28  per  cent  of  the  first  group,  and  in  45  per  cent  of  the  second. 
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The  statistical  material  bearing  upon  the  epidemiology  of  empyema  at  Camp 
Devens,  drawn  from  the  special  empyema  reports,  is  presented  in  Table  6 
and  Charts  IV  and  V.  On  the  latter,  all  the  data  are  presented  in  terms  of 
ratios  per  1,000  men  in  camp,  based  upon  the  average  strength  for  the  corre¬ 
sponding  month. 

The  general  impression  conveyed  by  Chart  IV  is  that  the  incidence  of  empyema 
bore  a  closer  relation  to  the  admissions  for  upper  respiratory  diseases  than  to 
those  for  pneumonia,  particularly  in  the  early  months  of  1918.  It  is  noticeable 


Mass. 

that  when  the  curve  “R”  falls  distinctly  below  the  ratio  of  10  per  thousand 
men,  i.  e.,  1  per  cent,  there  are  no  cases  of  empyema,  and  when  the  curve  “  RV 
is  at  the  level  of  1  per  cent,  in  May,  1918,  the  single  case  of  empyema  was  asso¬ 
ciated  with  pneumococcus,  while  before  that  time,  streptococci  predominated. 

Turning  now  to  the  curve  representing  admissions  for  primary  pneu¬ 

monias,  these  were  at  approximately  the  same  level  in  January,  1918,  when 
the  incidence  of  empyema  was  maximum,  as  in  June  of  that  year  when  no 
cases  of  empyema  were  reported. 

45267°— 24 - 5 
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The  relationship  between  the  pneumonia  and  empyema  curves  does  not 
display  such  divergences  during  the  pandemic  of  influenza,  but  it  is  worthy 
of  remark  that  in  the  beginning  of  this  period  the  pneumococcus  was  closely 
related  to  empyema,  the  curves  for  this  organism  being  exactly  parallel  to  the 
empyemata  between  September  and  October,  and  that  the  streptococcus  did 
not  acquire  great  relative  prominence  until  after  the  epidemic  had  subsided. 
The  fact  that  the  pneumococcus  played  the  most  dominant  part  in  the  empy¬ 
emata  at  this  time  may  perhaps  be  correlated  with  the  fact  that  among  the 
pneumonias  nearly  six  out  of  seven  were  of  the  lobar  variety. 


Table  6.a — Epidemiological  table  for  Camp  Devens,  Mass. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917 

October . 

0 

0 

0 

0 

0 

0. 33 

6.42 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

.55 

15. 72 

0 

0 

0 

0 

December . 

1 

1 

1 

0 

0 

.59 

45.61 

0.0346 

0. 0348 

0 

100 

1918 

January . 

12 

0 

9 

2 

0 

.75 

29. 05 

.4285 

.3214 

0. 0714 

0 

February . 

7 

3 

7 

0 

0 

1.36 

28. 65 

.2703 

.2705 

0 

43 

March . ... . 

11 

4 

6 

0 

0 

3.  56 

47.57 

.3880 

.2117 

0 

36 

April . 

11 

2 

8 

2 

0 

4.51 

34.31 

.3550 

.  2569 

.0642 

18 

May . 

1 

0 

0 

1 

0 

2.10 

9.77 

.0262 

0 

.0262 

0 

June . 

0 

0 

0 

0 

0 

.72 

5.98 

0 

0 

0 

0 

July . 

0 

0 

0 

0 

0 

1.41 

8.31 

0 

0 

0 

0 

August . 

2 

0 

1 

1 

0 

2.  50 

7. 91 

.0499 

.0252 

.0252 

0 

September . 

52 

20 

10 

25 

0 

26.  81 

282. 39 

1. 1477 

.2207 

.  5578 

39 

October . 

2 

1 

1 

0 

0 

3.63 

37. 18 

.6187 

.0243 

0 

50 

November . 

6 

2 

6 

0 

0 

1.13 

12.33 

.1399 

.1398 

0 

33 

December . 

4 

0 

2 

1 

0 

1.47 

15.  88 

.1409 

.0705 

.  0353 

0 

109 

33 

49 

32 

0 

30.3 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  UPTON. 

Camp  Upton  was  about  5  miles  from  Yaphank,  a  small  village  on  Long 
Island,  N.  Y.,  65  miles  from  New  York  City.10 

Drafted  men  from  Greater  New  York  were  the  first  increment  received, 
approximately  2,000  arriving  between  September  1  and  15. 10  By  the  end  of 
October  the  number  had  increased  to  about  30, 000. 10 

Frame  barracks  served  as  quarters. 

The  incidence  of  infectious  diseases,  excluding  those  of  venereal  origin, 
was  low.  There  were  only  51  cases  of  measles  during  the  latter  part  of  1917, 
and  the  highest  number  of  admissions  to  hospitals  for  this  disease  was  in  July, 
1918,  when  63  cases  were  admitted.  The  monthly  average  for  that  year  was 
28. 11 

Five  cases  of  empyema  following  measles  are  on  record;  12  two  occurred  in 
December,  1917,  two  in  March,  1918,  and  one  in  June.  Three  of  these  post¬ 
measles  cases  were  associated  with  hemolytic  streptococci,  and  two  were 
apparently  sterile.  Of  these  five  cases,  two  died;  one  with  sterile  fluid,  and 
one  with  hemolytic  streptococci  in  the  exudate.  The  latter  had  bilateral 
empyema.  The  other  fatal  case  had  pneumococcus,  Type  III,  in  the  sputum, 
but  the  pleural  fluid  yielded  no  growth  in  culture,  and  at  autopsy  the  case  proved 
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to  have  general  miliary  tuberculosis  as  well  as  lobar  pneumonia  and  empyema 
on  the  left  side.  The  total  number  of  measles  cases  for  the  camp  was  386  for 
the  three  last  months  of  1917  and  the  whole  of  1918. 11  The  percentage  of  those 
developing  empyema  was  therefore  1.3  per  cent.12 

Mumps  preceded  two  cases  of  empyema,  one  in  February,  and  one  in 
March,  1918. 12  Both  were  associated  with  hemolytic  streptococci.  One 
convalesced;  but  the  other  died  two  days  after  recognition  of  the  empyema, 
a  fibrinopurulent  pericarditis  being  found  at  autopsy.  The  preceding  occur¬ 
rence  of  mumps  in  these  cases  appears  to  have  little  significance,  for  there  were 
1442  cases  of  mumps  in  the  camp  up  to  the  end  of  1918. 12 

In  March,  1918,  in  one  case  empyema  followed  scarlet  fever.12  The  sputum 
contained  hemolytic  streptococcus,  but  the  pleural  exudate  was  reported  sterile. 
This  case  appears  to  have  recovered  without  operation. 

The  data  from  Camp  Upton  contained  in  the  special  empyema  reports 
include  many  cases  transferred  from  elsewhere  or  who  had  contracted  the 
precedent  disease  while  away  from  camp  on  furlough.  The  transferred  cases 
were  either  from  other  military  organizations  in  the  United  States  or  from  over¬ 
seas,  this  camp  being  used  as  an  embarkation  and  debarkation  camp  after 
the  77th  Division  was  moved  overseas  about  April,  1918. 10  The  transferred 
cases  are  eliminated  from  consideration  in  this  chapter,  which  is  confined  to 
cases  arising  in  the  camp  itself.  This  elimination  reduces  the  number  of 
empyema  cases  in  the  special  empyema  records  very  considerably. 

It  is  fortunate,  however,  that  another  source  of  information  is  available  for 
Camp  Upton  prior  to  the  departure  of  the  77th  Division.  “A  Study  of 
Eighty  Cases  of  Empyema  at  Camp  Upton,”  published  by  Brooks  and  Cecil,16 
contains  data  concerning  59  cases  unfortunately  omitted  from  the  special 
empyema  reports  when  these  were  compiled  from  the  records  of  the  base 
hospital  many  months  after  the  period  embraced  by  that  article.  The  data 
used  here  are  combined  from  these  two  sources,  transferred  cases  being  omitted. 

There  is  no  record  of  empyema  during  September,  October  and  November, 
1917,  but  in  December,  10  cases,  that  subsequently  developed  empyema,  were 
admitted  to  the  hospital.12 

The  first  case  was  admitted  for  measles  on  December  6,  but  did  not 
develop  empyema  until  nearly  eight  weeks  later,  on  January  27.  Resection 
was  done  and  a  sterile  exudate  obtained,  though  the  sputum  had  yielded 
pneumococcus,  Type  I,  previously.  This  case  recovered.12 

The  second  case  was  severe  in  character,  empyema  being  noted  December 
15,  and  death  taking  place  on  the  29th.  At  autopsy,  an  interstitial  broncho¬ 
pneumonia,  with  multiple  pulmonary  abcesses,  was  found  with  an  empyema  on 
the  left  side.  The  pus  contained  streptococcus  viridans.  Pneumococcus, 
Type  II,  had  previously  been  obtained  from  the  sputum.12 

One  case,  in  which  staphylococcus  aureus  was  found  in  the  pleural  exudate, 
was  admitted  December  22  with  a  primary  pneumonia.12  Pneumococcus, 
Type  IV,  was  present  in  the  sputum.  Empyema  appeared  January  20,  and 
death  supervened  February  11.  There  is  no  record  of  an  autopsy.  With 
this  exception,  and  the  case  of  miliary  tuberculosis  already  mentioned,  all 
the  five  fatal  cases  were  associated  with  streptococcus,  two  with  viridans  and 
one  with  hemolyticus.  Of  the  five  surviving  cases,  the  pleural  fluid  either 
contained  pneumococcus  (three),  was  sterile  (one),  or  not  recorded  (one.) 
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The  total  number  of  empyema  cases  developing  within  the  hospital  was 
107. 12  Of  these,  48  died,  a  case  mortality  of  45  per  cent.  Of  87  cases,  65  (75 
per  cent)  were  associated  with  streptococcus,  six  with  streptococcus  viridans, 
and  51  with  hemolytic  strains,  the  specific  character  of  the  remaining  eight 
being  undefined.  In  addition,  there  was  one  case  associated  with  staphylo¬ 
coccus  aureus.  This  has  already  been  briefly  detailed.  Of  the  15  cases  of 
pneumococcus  empyema  which  were  typed,  eight  were  Type  IV,  four  Type  II 


Chart  VI. — Epidemiological  chart  for  Camp  Upton,  N.  Y.,  in  monthly  ratios  per  thousand  men. 

and  three  Type  I.  All  of  these  15  cases  recovered.  There  were  five  deaths 
associated  with  pneumococcus;  three  of  these  were  Type  IV,  the  others  Type  II. 

Table  7  and  Chart  VI  give  the  relations  between  pneumonias  and  diseases 
of  the  upper  respiratory  tract,  and  Chart  VII  exhibits  the  associated  micro¬ 
organisms  found  in  the  pleural  fluids.  Chart  VI,  while  differing  considerably 
in  detail  from  that  for  Camp  Devens,  presents  several  features  of  similar 
import.  The  general  parallelism  between  the  empyema  curve  “E”  and  “R,” 
for  the  first  few  months  is  striking,  although  the  curve  “P”  also  closely  con¬ 
forms.  There  is  the  same  exaggerated  decrease  of  empyema  when  “R,” 
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crosses  the  1  per  cent  level,  but  not  the  complete  extinction  noted  at  Camp 
Devens.  It  seems  as  though  during  May,  June,  and  July  the  influences  deter¬ 
mining  the  development  of  empyema  persisted  in  a  sporadic  manner,  giving 
rise  to  one  case  a  month  in  fortuitous  fashion.  It  is  well  to  inquire  into  the 
character  of  these  three  cases.  The  first  was  admitted  May  17  for  lobar  pneu¬ 
monia  in  the  lower  lobe  on  both  sides.13  Nineteen  days  later  a  rib  was  resected 
and  20  c.  c.  of  creamy  pus  yielding  no  growth  on  culture  were  evacuated. 
The  wound  was  sutured  about  four  weeks  later  and  the  patient  was  returned 


Chart  VII.— Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Upton, 

N.  Y. 

to  duty  without  any  recorded  complications.  This  history  points  to  the  prob¬ 
ability  of  a  pneumococcus  infection  overcome  by  natural  processes,  the  oper¬ 
ation  promoting  recovery  through  evacuation  of  a  small  residual  pocket  of 
pus.  The  June  case  was  of  a  quite  different  character.  The  patient  was 
admitted  for  measles,  was  operated  (rib  resected)  50  days  later,12  and  ran  a 
protracted  course,  being  discharged  from  the  Army  on  May  9,  1919,  at  General 
Hospital  No.  12.  There  are  no  records  of  bacteriological  findings.  Finally, 
the  July  case  was  admitted  for  pneumonia  on  the  29th.12  A  rib  was  resected 
about  three  weeks  later,  about  150  c.  c.  of  pus  discharged,  and  an  uneventful 
convalescence  followed.  Streptococci  were  found  in  the  exudate. 
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There  appears  to  be  nothing  of  epidemiological  interest  in  these  cases. 
Two  were  mild  cases,  and  all  may  be  regarded  as  an  aftermath  of  the  preceding 
group  of  greater  severity. 

The  curve  of  streptococcus,  as  shown  in  Chart  VII  cases,  closely  parallels 
that  of  the  total  empyema  cases  in  the  first  period.  This  is  not  due  to  arbi¬ 
trarily  including  doubtful  diagnosis  among  the  streptococci.  There  was  only 
one  record  of  “  diplococcus ”  and  this  was  in  September,  1918.  The  prevailing 
streptococcus  was  hemolytic,  but  there  were  four  cases  associated  with  strep¬ 
tococcus  viridans,  all  occurring  in  January,  1918.  Of  the  pneumococci,  19 
per  cent  were  Type  I;  25  per  cent  Type  II,  and  56  per  cent  Type  IV.  There 
was  a  considerable  number  of  sterile  fluids.  Brooks  and  Cecil  report  15  such 
among  the  80  cases  studied  by  them,16  representing  18  per  cent  of  the  total. 
Seven  died  and  only  six  are  definitely  reported  as  having  operative  treatment 
beyond  aspiration.  It  is  difficult  to  avoid  the  impression  that  a  more  careful 
study  would  have  associated  these  cases  with  a  definite  infection  of  the  pleura. 
They  leave  an  unexplained  hiatus  in  the  records.  A  single  autopsy  in  this 
group  of  sterile  fluids  revealed  general  miliary  tuberculosis.  This  case  has 
already  been  referred  to  (p.  67). 

The  bacteriological  data  of  cases  during  the  influenzal  period  are  very 
meager. 

Table  7.® — Epidemiological  table  for  Camp  Upton,  N.  Y. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0.  25 

2.81 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

.37 

8.52 

0 

0 

0 

0 

December . 

10 

5 

3 

3 

0 

1.17 

24. 19 

0. 3343 

0. 1003 

0. 1003 

50 

1918. 

January . 

15 

7 

10 

2 

0 

1.46 

30.  67 

.5605 

.3736 

.0747 

47 

February . 

7 

4 

4 

3 

0 

.69 

15.  93 

.2290 

.  1308 

.0982 

57 

March . 

40 

20 

25 

6 

0 

2.98 

49.  89 

1. 1321 

.7076 

.  1398 

50 

April . 

10 

6 

7 

2 

0 

1.38 

12.40 

.2344 

.1641 

.0469 

60 

May . 

1 

0 

0 

0 

0 

.68 

6.79 

.0273 

.0 

.0 

0 

June . 

1 

0 

0 

0 

0 

.65 

4.07 

.0332 

.0 

.0 

0 

July . 

1 

0 

1 

0 

0 

.24 

3.60 

.0257 

.0257 

.0 

0 

August . 

0 

0 

0 

0 

0 

.35 

3.72 

.0 

.0 

.0 

0 

September . 

.  3 

0 

2 

1 

0 

3.22 

98.73 

.0915 

.0610 

.0305 

0 

( ictober . 

6 

1 

3 

3 

0 

20.03 

151.  65 

.3776 

.0687 

.0687 

17 

November . 

4 

0 

2 

1 

0 

2.25 

39.  64 

.2448 

.1224 

.0612 

0 

December . 

0 

0 

0 

0 

0 

1.71 

20.  87 

.0 

.0 

.0 

0 

98 

43 

57 

2.1 

0 

18.8 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special  empy¬ 
ema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  MEADE. 

Camp  Meade,  Md.,  was  situated  a  considerable  distance  from  any  large 
town,  on  rolling  ground  drained  by  sluggish  streams.10 

Drafted  men  were  inducted  into  the  National  Army  at  this  camp.  They 
came  from  eastern  Pennsylvania,  Maryland,  and  the  District  of  Columbia,  a 
territory  in  which  the  inhabitants  are  68.5  per  cent  urban.  In  November  the 
strength  of  the  camp  averaged  31,000,  including  about  2,000  colored  troops.10 
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Cases  of  communicable  diseases  were  relatively  few.  Measles  cases  were 
most  abundant  in  December,  1917  (113),  and  November,  1918  (161);  the  total 
number  being  857  for  the  15  months  from  and  including  October,  191 7. 11 
Eight  cases  of  empyema,  with  five  deaths,  were  associated  with  this  disease, 
a  little  more  than  0.9  per  cent.  It  is  noteworthy  that  none  of  these  occurred 
in  November,  1918,  when  the  incidence  of  measles  was  maximum,  but  that  two 
empyema  cases  fall  in  the  month  just  preceding  when  the  incidence  of  measles 


Chart  vm.— Epidemiological  chart  for  Camp  Meade,  Md.,  in  monthly  ratios  per  thousand  men. 

was  hardly  more  than  one-third  as  great  (55).  Two  cases  of  postmeasles 
empyema  also  occurred  in  March,  1919,  when  there  were  but  31  cases  of 
measles.  Bacteriological  data  are  available  in  all  but  one  of  these  empyema 
cases.  With  one  exception,  yielding  pneumococcus,  Type  IV,  they  were  all 
associated  with  a  streptococcus,  three  definitely  described  as  hemolytic,  three 
undefined  as  to  species. 

Two  cases  of  empyema  were  preceded  by  mumps,  one  in  February  and 
one  in  November,  1918.  Both  were  associated  with  hemolytic  streptococcus, 
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and  both  survived.  The  total  incidence  of  mumps  in  camp  during  the  period 
of  15  months  was  897. 12 

Scarlet  fever  was  followed  by  one  case  of  empyema  associated  with  strep¬ 
tococcus  and  proved  fatal  on  the  ninth  day  after  admission.12 

As  happened  so  frequently  elsewhere,  the  first  case  to  develop  empyema 
at  Camp  Meade  followed  measles.  The  date  of  admission  of  this  case  to  the 
base  hospital  was  December  29;  1917. 12  Lobar  pneumonia  in  the  right  lower 
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Chart  IX.  Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Meade,  Md. 


lobe  ensued  20  days  later,  followed  by  empyema  for  which  a  thoracotomy  was 
done  on  the  thirty-first  day  after  entering  the  hospital.  On  April  14,  1918, 
half  an  inch  of  the  eighth  rib  was  resected  and  300  c.  c.  of  thick  green  pus  con¬ 
taining  hemolytic  streptococci  were  evacuated.  Postoperative  treatment  with 
Dakin's  solution  was  instituted,  but  the  wound  did  not  close  until  nearly  100 
days  after  this  second  operation.  Complete  recovery  ensued  without  subsequent 
disability.12 

The  special  empyema  reports  give  a  total  of  87  empyema  cases  at  Camp 
Meade  during  the  latter  part  of  1917  and  the  whole  of  1918. 12  Of  these,  27  (or  31 
per  cent)  died.  Bacteriological  examinations  of  the  pleural  exudate  of  64  of 
these  cases  (74  per  cent)  were  made,  and  of  these,  70  per  cent  were  streptococcus 
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and  27  per  cent  pneumococcus.  One  case  was  reported  in  May,  1918,  as  asso¬ 
ciated  with  staphylococcus.  This  patient  recovered  without  marked  subsequent 
disability.  Finally,  in  one  fatal  case,  occurring  in  October,  1918,  the  influenza 
bacillus  alone  was  found.  It  is  worthy  of  note  that,  during  the  first  period 
of  high  incidence  from  December,  1917,  to  April,  1918,  when  there  were  48 
empyema  cases,  with  a  mortality  of  20  (42  per  cent),  the  streptococcus  was  found 
in  the  pleural  fluids  approximately  four  times  as  often  as  the  pneumococcus, 
while  in  the  later  period  of  high  incidence,  with  a  mortality  of  18  per  cent,  the 
proportion  was  9.5,  or  somewhat  less  than  half. 

The  curves  for  upper  respiratory  diseases,  pneumonia  and  empyema 
all  show  a  close  similarity.  The  apparent  irrelevancy  of  the  pneumococcus 
in  the  first  period  and  its  prominence  in  the  second  are  clearly  shown.  It 
is  also  noticeable  that  toward  the  end  of  the  first  period  the  pneumococcus 
rises  in  importance,  while  the  streptococcus  falls.  This  modification  in  the 
relative  frequency  of  occurrence  of  these  two  organisms  begins  with  that  sub¬ 
sidence  in  the  curve  of  common  respiratory  diseases  leading  without  interruption 
to  the  minimum  in  July.  There  is  no  ambiguity  in  the  bacteriological  diagnoses 
from  Camp  Meade;  but  many  cases  were  either  not  examined  or  the  results 
of  examination  were  not  noted;  otherwise,  the  curves  representing  the  bacteria 
would  have  been  closer  to  that  of  empyema. 

It  is  particularly  striking  that  the  gap  in  the  incidence  of  empyema, 
which  separates  the  two  periods,  exactly  corresponds  to  the  drop  of  common 
respiratory  diseases  below  1  per  cent  of  the  men  in  camp.  While,  therefore, 
the  pneumonias  and  other  respiratory  diseases  remain  in  a  nearly  constant 
ratio  to  each  other,  there  is  some  factor  influencing  the  development  of  empyema 
which  becomes  inoperative  when  the  incidence  of  the  common  respiratory  dis¬ 
eases  drops  below  a  certain  point.  This  point  at  Camp  Meade  and  at  Camp 
Devens  is  approximately  1  per  cent  of  the  command.  At  this  point  the  evi¬ 
dence  that  streptococci  were  present  in  the  pleural  exudate  also  ceases. 
(Charts  VIII  and  IX.) 

Table  8.° — Epidemiological  table  for  Camp  Meade ,  Md. 


Absolute  numbers . 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0. 24 

7.44 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

.93 

14. 17 

0 

0 

0 

0 

December . 

1 

0 

1 

0 

1 

1.61 

12.07 

0. 0269 

0. 0269 

0 

0 

1918. 

January . 

11 

5 

5 

3 

0 

2.87 

49.33 

.3667 

.1667 

0. 1000 

45 

February . 

10 

6 

6 

0 

0 

1.28 

22.94 

.3167 

.1900 

.0 

60 

March . 

16 

7 

13 

1 

0 

2.75 

47.  94 

.4931 

.4007 

.0308 

44 

April . 

b 

2 

2 

3 

0 

2.02 

27.80 

.2233 

.0744 

.1116 

33 

May . 

4 

0 

0 

0 

0 

.78 

15. 13 

.1222 

.0 

.0 

0 

June . 

0 

0 

0 

0 

0 

.26 

5.  72 

0 

.0 

.0 

0 

July . 

0 

0 

0 

0 

0 

.29 

5.34 

0 

.0 

.0 

0 

August . 

0 

0 

0 

0 

0 

.42 

8.77 

0 

.0 

.0 

0 

September . 

11 

1 

6 

3 

0 

2.66 

231.  74 

.3093 

.  1688 

.0844 

9 

October . 

22 

4 

9 

5 

0 

9.79 

140.  69 

.  4592 

.1878 

.1669 

18 

November . 

2 

0 

1 

1 

0 

.54 

21. 12 

.  0465 

.0232 

.0232 

0 

December . 

4 

2 

2 

1 

0 

.64 

24.53 

.  1082 

.  0541 

.0271 

50 

87 

27 

45 

17 

1 

. | . 

31 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  Genera2. 


74 


SURGERY. 


CAMP  LEE. 

Camp  Lee,  Va.,  was  situated  about  3  miles  from  Petersburg,  on  a  plateau 
of  sandy  loam,  muddy  in  wet  weather,  dusty  in  dry.  It  was  a  National  Army 
cantonment,  composed,  in  1917,  of  drafted  men  from  Virginia,  West  Virginia, 
and  Pennsylvania.10  It  contained  over  12,000  enlisted  men  in  September  of 
that  year  and  the  number  rapidly  increased,  the  average  strength  in  Novem¬ 
ber  exceeding  35, 000. 10  After  the  departure  of  the  80th  Division,  about 
May,  1918,  Camp  Lee  was  used  as  a  replacement  camp,  but  its  strength  was 
maintained  at  a  high  level  throughout  1918.  Nearly  two-thirds  of  the  men 
reaching  camp  in  1917  came  from  rural  districts.  On  an  average,  approxi¬ 
mately  13  per  cent  of  the  enlisted  men  were  colored.10 

There  were  1,575  cases  of  measles  during  the  15  months  from  October, 

1917,  to  December,  1918. 11  These  measles  cases  presented  two  periods  of  high 
incidence.  The  first  embraced  November  and  December,  1917,  and  January, 

1918,  the  cases  for  these  months  aggregating  549;  the  other  extended  through 
June,  July,  and  August,  1918,  and  totaled  438.  The  cases  of  empyema,  recorded 
as  following  measles,  were  23  in  number,  constituting  1.4  per  cent  of  the  measles, 
and  a  little  less  than  15.5  per  cent  of  the  total  for  empyema  (149).  The  chrono¬ 
logical  distribution  of  these  diseases  shows  little  relation  between  the  two. 
In  the  first  period  the  high  incidence  of  empyema  continued  two  months  after 
that  for  measles  had  fallen  off,  while  in  the  second  period,  also  of  three  months’ 
duration,  only  two  cases  of  empyema  appeared,  while  the  total  incidence  of 
measles  was,  as  stated,  438  cases.  In  the  first  period,  the  percentage  for  empy¬ 
ema  was  17  of  the  total  for  measles,  in  the  later  period  it  was  less  than  one-half 
of  1 .  Of  the  23  cases  of  postmeasles  empyema,  so  designated  in  the  special  em¬ 
pyema  records,  3  died,  a  mortality  of  13  per  cent,  whereas  the  mortality  for 
all  the  empyemata,  based  on  the  same  data,  was  16.1  per  cent.  This  low  mor¬ 
tality  in  the  postmeasles  cases  of  empyema  does  not  correspond  with  the  expe¬ 
rience  in  other  camps. 

Usually  these  cases  fared  less  well  than  those  with  other  histories.  It  is 
not  possible  to  determine  the  reason  for  this  apparent  exception  at  Camp  Lee, 
but  reference  may  be  made,  in  this  connection,  to  the  fact  that  fatal  cases  gener¬ 
ally  reveal  adequate  explanation  of  death  irrespective  of  the  empyema.  It  is  a 
question  whether  empyema  alone  was  responsible  for  many  fatalities.  In  most 
cases  it  may  be  viewed  as  merely  complicating  pathological  conditions  of  greater 
gravity.  It  might  appear  reasonable  to  class  cases  of  death  with  empyema  as 
due  to  the  conditions  with  which  it  was  associated,  such  as  an  extensive  bilat¬ 
eral  pneumonia,  pericarditis,  peritonitis,  or  meningitis  following  otitis  media. 
Were  this  view  consistently  held,  the  number  of  deaths  attributed  to  empyema 
would  be  materially  affected,  and  some  cases  might  be  overlooked  in  examin¬ 
ing  the  records.  It  is  not  feasible  to  determine  whether  these  considerations 
apply  to  the  records  at  Camp  Lee.  It  appears  quite  certain,  however,  from 
the  data  already  given,  that  no  evidence  is  available  in  support  of  a  close  rela¬ 
tion  between  measles  and  empyema,  although  the  impression  that  such  was  the 
case  prevailed  during  the  first  period  of  high  incidence.11 

Eleven  cases  of  empyema  are  noted  as  following  rubella.12  One  of  these 
also  had  measles  and  is  included  among  the  fatal  postmeasles  cases  already 
-cited.  The  disease  occurred  in  December,  1917,  and  as  this  death  was  the 
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only  one  at  Camp  Lee  following  rubella,  it  can  not  be  associated  with  that 
disease  except  by  coincidence.  The  other  10  cases  were  prior  to  the  spring  of 
1918,  and  nearly  all  before  the  middle  of  January.  Since  about  400  cases  of 
rubella  had  appeared  in  camp  by  that  time,  and  there  were  subsequently  over 
2,000  cases,  no  epidemiological  importance  can  be  attached  to  a  relationship 
between  the  two  diseases. 

There  were  but  few  (26)  cases  of  scarlet  fever,  and  none  was  followed  by 


Chart  X. — Epidemiological  chart  for  Camp  Lee,  Va.,  in  monthly  ratios  per  thousand  men. 

The  relation  between  streptococcus  infection  and  empyema  is  particularly 
striking  in  the  special  empyema  records  from  Camp  Lee.  Of  the  149  cases, 
bacteriological  examinations  were  reported  in  114  (76.5  per  cent).12  Of  these, 
109  (95.6  per  cent)  show  the  presence  of  streptococcus  in  the  pleural  fluid, 
usually  the  hemolytic  variety,  and  5  (4.4  per  cent)  show  the  presence  of  pneumo¬ 
coccus.  Four  of  the  cases  in  which  the  exudate  contained  pneumococcus  alone 
were  in  January,  1918,  when  the  incidence  of  empyema  was  greatest  (43  cases). 
They  all  appear  to  have  followed  primary  lobar  pneumonia  and  resulted  in 
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recovery  with  but  slight  disability.  The  fifth  was  in  July,  following  lobar 
pneumonia.  This  case  was  operated  and  returned  to  duty  72  days  after 
admission,  the  history  having  been  uneventful.  The  other  case,  occurring  at 
about  the  same  time,  was  also  a  lobar  pneumonia  and  recovered  without 
operation.  There  was  no  record  of  a  bacteriological  examination. 

These  last  two  cases  are  particularly  referred  to  because  they  fall  into  a 
period  of  low  incidence  of  respiratory  diseases  at  Camp  Lee.  They  appear  to 
have  been  sporadic  cases  of  no  considerable  epidemiological  importance. 


When  compared  with  those  of  the  preceding  camps,  the  graphic  chart  for 
Camp  Lee  is  remarkable  for  the  low  position  of  the  curve  for  pneumonia.  It 
is  very  close  to  that  of  empyema  and  relatively  distant  from  that  representing 
diseases  of  the  upper  respiratory  tract,  nor  does  it  so  closely  follow  the  direc¬ 
tion  of  the  latter  as  was  the  case  at  Camp  Meade.  Apparently  the  pneumonias 
were  relatively  less  abundant,  but  more  frequently  complicated  with  empyema. 
This  close  relationship  between  the  pneumonias  and  empyemata  was  presum¬ 
ably  due  to  the  prevalence  of  hemolytic  streptococci  at  that  time.  The  path- 
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ology  of  pneumonias  associated  with  this  organism  shows  that  they  are  prone 
to  develop  empyema.  (Vide  Chapter  III.) 

The  special  empyema  records  contain  but  a  single  case  of  empyema  during 
the  pandemic  of  influenza  in  the  autumn  of  19 18. 12  But  in  a  u  Diary  of  the  Base 
Hospital,  Camp  Lee,  Va.,”  17  by  the  commanding  officer,  it  is  stated  that  cases 
of  influenza  appeared  on  September  13,  and  that  8  days  later  bronchopneu¬ 
monia  made  its  appearance,  being  followed,  up  to  December  1,  by  60  cases  of 
empyema,  with  only  2  deaths  due  to  complications.  Thirty-seven  of  the  cases 
came  to  operation.  Neither  the  distribution  in  time  nor  the  bacteriology  of 
these  cases  is  given.  They  can  not,  therefore,  be  accurately  included  in  the 
tabulation  of  cases  for  this  camp.  In  Charts  X  and  XI  they  are  represented 
by  a  dotted  line  indicating  the  probable  distribution.  The  total  number  of  em¬ 
pyema  cases  is  small;  for  there  were  7,773  cases  of  influenza  during  this  period 
(September  13  to  December  1,  1918)  and  the  mortality  was  low.  This  may  be 
attributed  to  the  successful  efforts  to  avoid  crowding  the  patients,  barracks 
being  evacuated  for  their  reception,  and  additional  medical  officers  and  nurses 
being  provided  for  their  care.  All  these  provisions  were  made  in  advance  of 
the  requirements,  so  that  no  overwhelming  emergency  occurred  at  any  time. 
It  is  believed  that  the  low  incidence  of  pneumonias,  as  well  as  empyemata, 
was  due  to  this  foresight  and  energy. 


Table  9.® — Epidemiological  table  for  Camp  Lee ,  Va. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

1 

0 

0 

0 

0 

0. 03 

5.17 

0.  0324 

0.0 

0. 0324 

0 

November . 

0 

0 

0 

0 

0 

.48 

10.  57 

.0 

.0 

.0 

0 

December . 

34 

8 

19 

0 

0 

1.58 

28.16 

1.  0235 

.5722 

.0 

24 

1918. 

January . 

43 

1 

32 

4 

0 

2.  84 

64. 05 

1.  3190 

.9820 

.1228 

2 

February . 

16 

0 

12 

0 

0 

1.31 

32.  88 

.4779 

.3540 

.0 

0 

March . 

23 

6 

20 

0 

0 

1. 17 

35.  50 

.7256 

.6532 

.0 

26 

April . 

27 

8 

23 

0 

0 

1.28 

45.  58 

.8411 

.7180 

.0 

30 

May . 

2 

1 

2 

0 

0 

.46 

9.  74 

.0419 

.0419 

.0 

50 

June . 

0 

0 

0 

0 

0 

.43 

4.  28 

.0 

.0 

.0 

0 

July . 

2 

0 

0 

1 

0 

.38 

5. 28 

.0349 

.0 

.0175 

0 

August . 

0 

0 

0 

0 

0 

.23 

11. 72 

.0 

.0 

.0 

0 

September . 

1 

0 

1 

0 

0 

.38 

142. 78 

.0183 

.0183 

.0 

0 

October . 

0 

0 

0 

0 

0 

1.06 

114. 16 

.0 

.0 

.0 

0 

November . 

0 

0 

0 

0 

0 

.32 

12.  95 

.0 

.0 

.0 

0 

December . 

0 

0 

0 

0 

0 

.53 

28.71 

.0 

.0 

.0 

0 

149 

24 

109 

5 

0 

16.  1 

“Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  GREENE. 

Camp  Greene,  near  Charlotte,  N.  C.,  was  a  tent  camp  used  to  organize  the 
4th  and  5th  Regular  Divisions.  There  were  several  thousand  troops  there 
during  the  latter  part  of  1917,  but  the  strength  increased  very  considerably 
during  the  first  few  months  of  1918. 10  The  weather  proved  wet  and  cold,  and 
the  men  were  much  exposed  both  outside  and  in  the  tents,  fuel  and  clothing 
being  insufficient  for  this  particular  season.  The  ensuing  close  crowding  proba¬ 
bly  influenced  the  spread  of  infections  among  the  men.10 
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Information  concerning  empyema  at  Camp  Greene  is  not  confined  to 
the  special  empyema  records,  which  are  mainly  concerned  with  cases  reach¬ 
ing  the  surgical  service  of  the  base  hospital.  The  reply,  dated  March  5,  to  the 
questionnaire  of  February  21  gives  an  account  of  26  cases  prior  to  March  1, 
not  included  in  the  special  records.9  Of  these  26  cases,  25  were  not  operated. 
The  discrepancy  between  the  two  is  therefore  reduced  to  a  single  operated  case. 
A  published  article  by  Elwyn,  the  internist  on  the  local  empyema  team, 
includes  a  discussion  of  complicating  empyema  based  upon  the  data  given 
in  the  reply  to  the  questionnaire.18 

There  were  many  cases  of  measles  at  Camp  Greene  during  the  last  three 
months  of  1917  and  the  first  three  months  of  1918,  aggregating  1,435  for  the  six 
months.11  During  this  period  there  were  73  cases  of  empyema  upon  which  op¬ 
erations  were  performed  and  the  25  additional  unoperated  cases  just  referred 
to,  making  a  total  of  98,  or  6.8  per  cent  of  the  measles.  But  the  records  specify 
only  43  cases  of  postmeasles  empyema.  This  figure  would  reduce  the  ratio  to 

3  per  cent.  But  even  this  is  a  higher  proportion  than  those  in  the  camps  hitherto 
studied.  The  mortality  was  also  higher  (28  cases) ,  reaching  65  per  cent.  The 
explanation  of  these  high  ratios  is  furnished  by  the  bacteriology.  In  the  reply 
to  the  questionnaire,  it  is  stated  that  the  organisms  found  in  the  order  of  their 
frequency  were  streptococcus  hemolyticus,  streptococcus  viridans,  and  pneu¬ 
mococcus — never  alone.  The  special  empyema  records,  out  of  a  total  of  32 
examinations,  report  31  (97  per  cent)  as  yielding  a  streptococcus,  and  only  1 
associated  with  the  pneumococcus. 

Extending  the  period  under  consideration  to  include  the  whole  of  1918, 
out  of  a  total  of  125  empyema  cases,  there  are  bacteriological  records  con¬ 
cerning  47  cases.  In  42  of  these  (89  per  cent)  streptococci  were  found,  in  5  (11 
per  cent)  the  pneumococcus.12 

There  were  4  cases  of  empyema  following  rubella,  with  1  death.  All  of 
the  4  cases  of  empyema  were  associated  with  the  streptococcus  in  pleural  exu¬ 
date.  There  were  over  2,500  cases  of  rubella  in  the  camp.11 

In  no  case  is  there  a  record  of  scarlet  fever  preceding  empyema.12 

The  reply  to  the  questionnaire  contains  one  very  suggestive  group  of  cases : 
“(d)  Empyema  without  measles  or  pneumonia:  Total  cases  14;  deaths,  4; 
mortality,  28.5  per  cent;  operated  cases,  11;  deaths,  1;  mortality  9.1  per  cent.77 
No  further  details  are  given  in  the  reply  to  the  questionnaire;  but  in  Elwyn7s 
article  there  are  several  references  to  such  cases.18 

In  this  article  Elwyn  states  that,  in  addition  to  the  empyemata  com¬ 
plicating  lobar  pneumonia,  there  were  many  empyemata  complicating  the 
purulent  bronchitis  following  measles,  and  some  empyemata  secondary  to 
other  infections.  From  the  beginning  of  the  epidemic  to  March  1,  1918,  there 
were  14  cases  of  empyema  following  bronchopneumonia  or  lobar  pneumonia 
complicating  measles,  with  10  deaths  (71.4  per  cent  mortality) ;  29  cases  of 
empyema  complicating  measles  alone,  with  18  deaths  (62  per  cent  mortality) ; 
and  14  cases  of  empyema  unassociated  with  either  measles  or  pneumonia  with 

4  deaths  (28.5  per  cent  mortality). 

Among  the  393  cases  of  primary  lobar  pneumonia  there  were  45  cases  of 
empyema  (11.4  per  cent)  with  21  deaths  (46.6  per  cent  mortality). 

A  class  of  empyemata  is  described  that  presented  a  picture  totally  unlike 
any  other  cases  of  empyema  the  writer  (Elwyn)  had  seen.18  These  were  very 
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severe  cases  and  frequently  appeared  after  the  pneumonia  had  subsided;  they 
appeared  also  in  the  course  of  measles,  bronchitis,  and,  in  a  few  cases,  secondary 
to  tonsillitis,  or  without  any  assignable  cause.  The  course  of  events  was  as 
follows:  “The  patient  was  admitted  for  measles,  and  developed  during  the 
course  the  ordinary  mild  bronchitis  accompanying  measles.  This  gradually 
increased  in  severity,  and  after  a  time  became  purulent,  involving  every  bronchus 
and  bronchiole  in  both  lungs.  This  was  followed  by  consolidation  of  one  or 


Chart  XII. — Epidemiological  chart  for  Camp  Greene,  N.  C.,  in  monthly  ratios  per  thousand  men. 


more  lobes.  Empyema  complicated  the  pneumonia  or  occurred  without  the 

•  ?  i  i  o 

pneumonia. 

A  more  extended  discussion  of  such  cases  must  be  deferred  to  the  chapter 
on  pathology;  but  that  streptococcic  infections  may  penetrate  the  pleura 
without  clearly  defined  clinical  evidence  of  pulmonary  consolidation  has  much 
epidemiological  significance.  It  suggests  that  empyema  is  not  always  and  nec¬ 
essarily  a  sequela  of  pneumonia,  but  that  the  incidence  of  the  two  may  to  some 
extent  be  dissociated. 
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For  the  later,  or  influenzal,  period  of  high  incidence,  data  additional  to 
those  in  the  special  empyema  records  are  furnished  by  an  article  in  the  current 
medical  literature.19  The  period  covered  is  from  September  1,  1918,  to  Feb¬ 
ruary  28,  1919,  but  doubtless  most  of  the  cases  included  were  in  October,  1918. 
Of  the  39  cases  with  pleuritic  effusion,  positive  bacteriological  data  are  given  in 
16.  Of  these,  56  per  cent  (9  cases)  fall  into  the  streptococcus  group  and  44  per 
cent  (7  cases)  into  the  group  of  pneumococcus  infections.  This  proportion 
is  of  the  same  order  as  that  furnished  by  the  special  empyema  records  for  the 


Chart  XIII.— Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Greene,  N.  C. 

shorter  period  ending  with  December,  1918.  Although  the  number  of  cases  is 
smaller,  streptococci  constituted  62.5  per  cent,  pneumococcus  37.5  per  cent. 

A  mere  glance  at  the  curves  given  in  Chart  XII  suffices  to  reveal  the  opposed 
trend  of  the  pneumonias  and  empyemata,  and  the  general  correspondence 
of  the  latter  to  diseases  of  the  upper  respiratory  tract.  In  this  camp  the 
empyema  curve  is  interrupted  between  June  and  October,  there  being  no  case 
for  July,  August,  and  September.  During  those  three  months,  the  incidence 
of  upper  respiratory  diseases  was  less  than  1  per  cent  of  the  command.  This 
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relationship  between  affections  of  the  upper  respiratory  tract  and  empyema  was 
called  to  the  attention  of  the  medical  officers  at  the  time,  as  is  evidenced  by  the 
information  abstracted  from  the  article  by  Elwyn.18  The  clinical  detection  of 
inconspicuous  pneumonic  processes  in  the  presence  of  empyema  is  clearly 
shown  to  be  difficult. 


Table  10  ^—Epidemiological  table  for  Camp  Greene ,  N.  C. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy- 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

ema, 
mortali¬ 
ty  per¬ 
centage. 

1917. 

October . 

3 

0 

0 

0 

0 

0. 82 

7.29 

0. 1863 

0.0 

0.0 

0 

November . 

0 

0 

0 

0 

0 

.60 

7.  83 

.0 

.0 

.0 

0 

December . 

20 

6 

8 

1 

0 

1.  78 

46. 96 

.6734 

.2689 

.0336 

30 

1918. 

January . 

33 

16 

19 

0 

0 

3.  65 

52.85 

.8518 

.4908 

.0 

48 

February . 

6 

3 

4 

0 

0 

1.74 

27.  80 

.  1499 

.0991 

.0 

50 

March . 

7 

3 

4 

0 

0 

1.59 

20.  72 

.  1808 

.  1029 

.0 

43 

April . 

10 

4 

2 

1 

0 

3.  57 

60.  99 

.4292 

.0860 

.0429 

40 

May . 

2 

0 

0 

0 

0 

.24 

11.  44 

.  1130 

.0 

.0 

0 

June . 

0 

0 

0 

0 

0 

.18 

8.41 

.0 

.0 

.0 

0 

July . 

0 

0 

0 

0 

0 

.  13 

6.  46 

.0 

.0 

.0 

0 

August . 

0 

0 

0 

0 

0 

1.06 

7. 16 

.0 

.0 

.0 

0 

September . 

2 

0 

0 

1 

0 

.54 

22.  94 

.  1386 

.0 

.0793 

0 

October . 

15 

2 

5 

1 

0 

3.91 

149.  67 

.5386 

.3315 

.0663 

13 

N  ovember . 

0 

0 

0 

0 

0 

3.  63 

15.  99 

.0 

.0 

.0 

0 

December . 

1 

0 

0 

1 

0 

2.91 

15.  39 

.0873 

.0 

.0873 

0 

99 

28 

42 

5 

0 

28.3 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  HANCOCK. 

Camp  Hancock,  Ga.,  located  near  the  city  of  Augusta,  was  used  for  men  of 
the  National  Guard  from  Pennsylvania,  reinforced  later  from  New  York  and  to 
a  relatively  slight  extent  from  other  States.10  The  28th  Division,  organ¬ 
ized  here,  was  moved  overseas  about  May,  1918,  after  which  the  camp  was 
used  as  a  machine-gun  replacement  camp.10  The  men  were  quartered  in  tents. 
The  weather  during  the  winter  of  1917-18  was  unusually  cold  for  this  part  of  the 
country,  but  not  wet,  and  there  is  no  indication  that  the  men  suffered  hardship 
from  exposure. 

The  strength  of  the  camp  was  high  from  the  beginning,  27,000  men  were  re¬ 
ceived  in  September,  1917,  and  the  number  in  camp  ranged  between  this  figure 
and  34,000  until  May,  1918,  when  it  fell  to  somewhat  under  12,000  on  the  de¬ 
parture  of  the  28th  Division.10 

The  special  empyema  records  from  this  camp  are  deficient  in  the  number 
of  cases  given  for  the  early  months.  They  detail  only  6  cases  prior  to  March, 
1918, 12  whereas  the  reply  to  the  questionnaire  of  February  21  records  18  for  this 
period;8  but  the  actual  dates  for  these  18  are  not  given,  so  that  it  is  not  possible 
to  place  them  in  chronological  order.  The  cases  which  occurred  during  the 
1918  autumnal  period  of  high  incidence  are  probably  more  correctly  reported 
in  the  special  empyema  records. 

45267°— 24 - 6 


82 


SURGERY. 


Cases  of  measles  were  not  numerous  at  Camp  Hancock.  For  the  whole 
period  of  15  months  to  and  including  December,  1918,  there  were  640,  but  434 
of  these  were  during  the  last  4  months.11  Prior  to  March  1,  1918,  96  cases  were 
admitted  to  the  base  hospital.  Four  of  these  developed  pneumonia,  but 
none  an  empyema  which  could  be  demonstrated  clinically,  though  in  one  case 
a  small  pocket  of  pus  was  found  at  autopsy  on  the  under  surface  of  the  right 
lower  lobe  and  not  at  the  periphery  of  the  lung.  Counting  this  case,  less  than 
1  per  cent  of  the  measles  during  this  period  developed  empyema.11 

In  the  following  November  there  was  another  postmeasles  case,  following 
bronchopneumonia.  This  was  associated  with  pneumococcus,  Type  IV,  and 
recovered.  During  this  month  there  were  238  cases  of  measles,  45  complicated 
with  pneumonia,  almost  exclusively  lobular.11 

There  were  nearly  a  thousand  cases  of  mumps  at  Camp  Hancock  during 
the  15  months,  but  none  of  these  developed  empyema.11 

Empyema  followed  scarlet  fever  in  two  cases.11  In  the  pleural  fluid  of  one, 
pneumococcus,  Type  IV,  was  found;  in  the  other,  a  diplococcus,  the  species 
not  defined.  Both  cases  originated  in  November,  within  two  days  of  each  other, 
and  both  recovered.  The  total  number  of  cases  of  scarlet  fever  for  1918  was 
388,  but  the  chronological  distribution  of  these  can  not  be  given. 

In  the  reply  cited  above  the  following  data  concerning  the  organisms  found 
in  pleural  fluids  are  given:  Pneumococcus  alone  (9);  streptococcus  alone  (3), 
streptococcus  and  pneumococcus  together  (2);  undetermined  (4).  Taking  into 
account  only  the  positive  findings  and  giving  precedence  to  the  streptococcus, 
this  would  be  associated  with  36  per  cent  of  the  cases.  According  to  the 
special  empyema  reports,  the  ratio  was  38  per  cent  for  the  whole  15  months. 
The  streptococcus  apparently  played  a  much  less  important  part  at  Camp  Han¬ 
cock  than  in  the  camps  hitherto  considered  in  this  chapter.  It  is  possible,  how¬ 
ever,  that  this  would  be  an  erroneous  conclusion  were  it  applied  to  all  periods. 
In  October,  1918,  there  was  a  marked  rise  in  the  number  of  empyema  cases.  Tak¬ 
ing  the  total  for  the  whole  15  months  at  the  known  figure,  60  (probably  too  low), 
25  (40  per  cent)  fall  in  the  month  of  October,  1918,  with  a  mortality  of  24  per 
cent  (six  cases).  The  bacteriology  for  the  19  surviving  cases  is  given  as  pneu¬ 
mococcus,  Type  IV,  16;  Type  IV  with  hemolytic  streptococcus,  1;  Type  I,  1; 
“  diplococcus/7  1.  The  bacteriology  for  the  six  fatal  cases  is  given  as  Type  IV, 
3;  Type  III,  with  hemolytic  streptococcus,  1;  hemolytic  streptococcus  alone,  1; 
“  streptococcus/ ’  1.  It  is  striking  that,  out  of  the  25  cases,  19  should  be  associ¬ 
ated  with  pneumococcus,  Type  IV,  and  that  streptococci  should  have  played  a 
role  so  minor,  for:  “  Prior  to  the  epidemic  of  influenza  at  Camp  Hancock  there 
occurred  in  one  company  an  outbreak  of  hemolytic  streptococcus  infection  of 
peculiar  virulence  and  uniform  course.  There  is  reason  for  thinking  that  the 
spread  of  disease  in  these  cases  was  by  food  or  milk  infection.  ”  20  There  were 
but  few  cases  of  empyema  at  that  time.  Autopsy  showed  a  streptococcus  infec¬ 
tion,  with  a  remarkable  affinity  for  the  trachea,  gradually  extending  down 
through  the  bronchi;  and,  though  there  was  a  visible  peribronchitis  and  peri  tra¬ 
cheitis,  the  larynx  and  the  lungs  escaped  invasion.  This  series  of  cases  is  men¬ 
tioned  because  there  were  points  of  similarity  with  the  bronchitis  which  accom¬ 
panied  influenza  infection  later  and  which  uniformly  showed  a  bronchitis  and 
peribronchitis  very  similar  to  these  cases,  but  accompanied  by  pulmonary  em¬ 
physema  and  what  was  called  bronchopneumonia. 
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In  October,  1918,  the  influenza  epidemic  reached  its  height  at  this  camp, 
and  in  the  article  just  quoted20  appears  a  description  of  cases  of  interstitial  pneu¬ 
monia  like  those  described  at  other  camps,  with  localized  and  often  multiple 
empyemata  and  pulmonary  abscesses.  It  appears  probable  that  streptococcus 
was  associated  with  many  of  these  cases.  The  bacteriological  findings  are  given 
as  varied,  but  no  statistics  are  presented.  The  involvement  of  the  pleura  is 
described  as  tardy  and  was  attributed,  at  least  in  some  cases,  to  rupture  of 


quence,  the  empyemata  were  localized  and  in  some  cases  drained  spontaneously 
through  a  bronchial  communication.  Cases  of  this  character  are  of  great 
interest;  they  suggest  a  slowing  down  of  a  process  which  at  other  camps  pro¬ 
ceeded  with  great  rapidity.  There  were  6,813  cases  of  influenza  at  Camp 
Hancock  in  October,  1918,  with  274  deaths,  a  mortality  of  4  per  cent. 

Chart  XIV,  based,  as  to  empyema,  on  the  special  empyema  records,  but 
in  all  other  respects  upon  the  sick  and  wounded  records  in  the  office  of  the  Sur- 
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geon  General  of  the  Army,  is  of  interest  because  of  the  low  incidence  of  com¬ 
mon  respiratory  affections  (R)  until  the  advent  of  epidemic  influenza.  In  Feb¬ 
ruary  and  March,  the  incidence  of  these  diseases  fell  below  1  per  cent  of  the  com¬ 
mand,  and  was  but  a  little  over  0.5  per  cent  in  the  latter  month.  After  the 
relatively  high  incidence  in  April,  the  number  again  fell  off  and  did  not  rise 
above  1  per  cent  until  the  following  September. 

If  the  observations  made  in  the  preceding  camps  on  the  relations  between 
empyema  and  common  respiratory  diseases  were  applicable  to  Hancock,  one 


Chart  XV. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at 

Camp  Hancock,  Ga. 


might  expect  an  absence  of  empyema  in  March,  May,  and  June.  According  to  the 
records,12  there  actually  was  but  one  case  in  each  of  these  months,  and  the  histories 
of  these  are  not  without  some  significance.  The  case  occurring  in  March  devel¬ 
oped  a  pneumonia  in  the  right  lower  lobe  after  an  operation  (appendectomy) 
presumably  performed  under  general  anesthesia.  Empyema  was  discovered 
10  days  later  when  20  c.  c.  of  pus  were  aspirated  from  the  chest.  A  portion  of 
the  eighth  rib  was  removed  the  following  day.  Later,  a  substernal  abscess  was 
drained;  and  about  four  months  after  admission  to  the  hospital,  the  case  was 
transferred  to  Fort  McPherson,  Ga.  There  does  not  appear  to  have  been  fur- 
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tlier  operative  treatment,  and  the  patient  was  discharged  from  the  Army  on 
January  25,  1919.  There  is  no  bacteriological  record  of  this  case.  The  case 
in  May  also  followed  anesthesia.  Bronchopneumonia  of  the  left  lower  lobe 
was  diagnosticated  on  May  9,  and  empyema  on  the  right  side  three  days  later. 
Resection  of  the  eighth  rib  was  done  on  May  18,  and  the  wound  closed  about 
three  months  later.  Influenza  bacilli  and  nonhemolytic  streptoccoci  were 
obtained  from  the  purulent  exudate.  The  case  made  a  good  recovery.  The 
last  of  this  group  of  cases  was  admitted  for  lobar  pneumonia  on  June  3,  devel¬ 
oped  empyema  12  days  thereafter,  and  four  days  later  was  operated,  a  portion 
of  the  ninth  rib  being  resected,  and  about  100  c.  c.  of  pus  evacuated.  A  good 
recovery  followed,  but  the  patient  suffered  from  shortness  of  breath  and  was  dis¬ 
charged  from  the  Army  on  December  17.  There  are  no  bacteriological  data.12 

The  foregoing  histories  definitely  connect  two  of  these  cases  with  a  preced¬ 
ing  anesthesia  which  probably  had  an  influence  in  determining  the  empyema. 
The  third  case  appears  to  have  been  a  sporadic  case  of  pneumococcus  pleural  in¬ 
fection,  such  as  might  occur  at  any  time  of  year  appear  in  a  population  of  over 
20,000  people.  None  of  the  cases  necessarily  invalidates  the  impression  that 
empyema  cases  drop  to  insignificant  figures  when  infections  of  the  upper  respira¬ 
tory  tract  fall  below  1  per  cent. 

Table  11. « — Epidemiological  table  for  Camp  Hancock ,  Ga. 


Absolute  numbers. 

Ratios  per  1 ,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0.04 

2.  74 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

.22 

6.32 

0 

0 

0 

0 

December . 

0 

0 

0 

0 

0 

.35 

13.94 

0 

0 

0 

0 

1918. 

January . 

4 

1 

2 

2 

0 

2.18 

24.  44 

0. 1380 

0.  0690 

0.  0690 

25 

February . 

2 

2 

2 

0 

0 

.71 

8.  69 

.0571 

.0571 

.0 

100 

March . 

1 

0 

0 

0 

0 

.52 

5.  30 

.0357 

.0 

.0 

0 

April . 

2 

0 

0 

1 

0 

.69 

22.  82 

.0745 

.0 

.0373 

0 

May . 

1 

0 

1 

0 

0 

.26 

9.26 

.0846 

.0846 

.0 

0 

June . 

1 

0 

0 

1 

0 

.58 

6.  62 

.0487 

.0 

.0 

0 

July . 

0 

0 

0 

0 

0 

.31 

6.  44 

.0 

.0 

.0 

0 

August . 

0 

0 

0 

0 

0 

.78 

8.  03 

.0 

.0 

.0 

0 

September . 

4 

0 

0 

3 

0 

1.45 

63.91 

.  1177 

.0 

.0859 

0 

October . 

25 

6 

6 

19 

0 

.82 

220.  63 

.7112 

.  1710 

.5700 

24 

N  ovember . 

6 

0 

4 

2 

0 

.53 

16.  15 

.  1841 

.  1232 

.  0615 

0 

December . . . 

2 

0 

1 

1 

0 

1.99 

16.  59 

.  0682 

.0341 

.  0341 

0 

48 

9 

16 

27 

0 

. | . 

18.8 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 

CAMP  SEVIER. 

Camp  Sevier,  S.  C.,  was  about  4  miles  from  Greenville,  a  city  with  about 
20,000  inhabitants.10 

Troops  of  the  National  Guard  from  Tennessee,  North  Carolina,  and  South 
Carolina  were  assembled  here,  but  were  soon  augmented  by  drafted  men  trans¬ 
ferred  from  other  camps.10  Early  in  November,  1917,  the  strength  reached 
27,000  and  remained  at  about  that  figure  until  May,  1918,  when  the  30th 
Division  was  sent  overseas.  The  number  of  men  in  camp  did  not  again  reach 
20,000  until  the  following  September.  There  were  no  colored  men  prior  to 
September,  1918.  The  troops  were  quartered  in  tents.10 
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The  incidence  of  measles  in  this  camp  was  liigh.11  For  the  months  of 
1917  the  total  admissions  for  this  disease  were  3,005.  For  1918  they  were  665. 
The  largest  number  for  any  single  month  was  2,524  in  November,  1917,  after 
which  there  was  an  abrupt  falling  off  to  150  in  December,  and  in  March,  1918, 
only  seven  cases  were  admitted.  There  were  four  cases  of  postmeasles  empy¬ 
ema  included  in  the  special  empyema  records.12  One  of  these  was  admitted 
November  23,  and  the  three  others  between  December  3  and  7,  1917.  The 
first  case  ended  in  death  six  days  after  the  onset  of  empyema;  an  autopsy  re- 


Chart  XVI.— Epidemiological  chart  for  Camp  Sevier,  S.  C.,  in  monthly  ratios  per  thousand  men. 

vealed  general  bronchopneumonia  with  pulmonary  abscesses,  bilateral  empyema 
and  mediastinal  abscesses;  and  smears  of  the  pus  contained  pneumococcus 
and  streptococcus.  In  the  three  surviving  cases  a  bacteriological  oxamination 
is  recorded  for  one  only,  a  pneumococcus  being  found.  Even  though  a  small 
number  of  empyema  cases  probably  escaped  inclusion  in  these  records,  it  is 
obvious  that  measles  had  little  to  do  with  the  incidence  of  empyema. 

The  same  is  true  of  mumps.  Only  one  case  of  empyema  appears  to  have 
followed  this  infection;  a  fatal  case,  admitted  for  mumps  December  31,  1917, 
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a  month  when  there  were  306  admissions  for  this  disease,  while  in  January, 
February,  and  March,  1918,  there  were  over  3,900  such  admissions  with  no 
cases  of  empyema  developing  among  them.  There  was  no  postscarlatinal 
empyema.12 

Table  12  is  based  upon  the  special  empyema  reports,  to  preserve  uni¬ 
formity  in  this  respect  with  the  other  camps  represented  on  the  map  shown  in 
Figure  3  (p.  49) .  But  as  already  set  forth,  these  data  must  be  regarded  as  minimal 
rather  than  absolute.  Thus,  for  Camp  Sevier,  in  the  reply  to  the  question- 


OCT. _ nova _ dec.  t  jan. _ Feb.  mar.  Apr. _ may  June  July  aug.  sept.  Oct.  Nov.  dec. 

1917  1918 

Chart  XVII.— Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at 

Camp  Sevier,  S.  C. 

naire  of  February  21,  1918, 9  dated  March  18,  it  is  stated  that  there  had  been 
46  cases  of  operated  empyema,  up  to  that  time,  27  following  lobar  pneumonia 
and  19  following  bronchopneumonia.  This  is  11  more  than  those  contained  in 
the  special  empyema  reports.  In  the  reply,  there  is  no  mention  of  any  organism 
except  pneumococcus.  Of  42  positive  findings,  39  were  Type  IV,  two  Type  I, 
and  one  Type  II.  It  appears  justifiable  to  conclude  that,  at  Camp  Sevier, 
the  streptococcus  of  whatever  strain  was  less  significant  than  in  many  other 
localities,  and  that,  like  Camp  Hancock,  pneumococcus,  Type  IV,  predom¬ 
inated. 
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In  Chart  XVI  the  graphic  transcription  of  the  table  brings  to  the  eye  very 
clearly  the  anomalous  returns  for  February  and  March.  According  to  the 
trend  of  curves  at  other  camps,  there  should  have  been  more  empyemata  in 
these  months  at  Camp  Sevier  than  were  included  in  the  special  empyema 
records.  As  a  matter  of  fact,  as  stated  in  the  preceding  paragraph,  such  was 
the  case.  There  were  11  additional  empyema  cases  that  belong  to  the  period 
prior  to  April  1,  but  among  which  months  they  should  be  distributed  is  un¬ 
known.  If,  purely  as  a  matter  of  speculation,  these  11  cases  are  divided  as 
evenly  as  possible  between  February  and  March,  six  cases  in  the  former  and 
five  in  the  latter  month,  the  empyema  curve  would  be  modified  as  shown  by 
the  dotted  line,  giving  to  it  a  general  resemblance  to  the  curve  “R.” 

The  high  incidence  in  April  was  coincident  with  a  considerable  increase  of 
cases  of  influenza,  which  reached  653  in  that  month,  in  contrast  to  143  the 
month  preceding  and  47  the  month  following.  The  organisms  associated  with 
the  empyemata  in  April  were  about  equally  divided  between  the  strepto¬ 
coccus  and  pneumococcus  groups.  Such  has  been  the  case  in  postinfluenzal 
empyema  elsewhere. 

The  unusual  rise  of  the  curve  “R”  in  June  and  July  was  not  due  to  in¬ 
fluenza,  but  to  an  increase  in  the  “  other  respiratory  diseases/’  and,  corre¬ 
sponding  to  this,  is  a  sympathetic  rise  in  the  empyema  curve,  coupled  with  an 
increase  in  the  importance  of  the  streptococcus.  It  would  be  straining  the 
evidence  to  lay  stress  on  particular  deductions  from  such  a  small  number  of 
cases,  but  when  such  small  groups  of  cases  show  the  same  correlation  between 
empyema  and  infections  of  the  upper  respiratory  tract  as  is  displayed  by  much 
larger  numbers  in  other  and  widely  separated  localities,  this  circumstance 
is  not  without  significance. 


Table  12a. — Epidemiological  table  for  Camp  Sevier ,  S.  C. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

2 

1 

0 

0 

0 

1.05 

6. 28 

0. 0849 

0 

0 

50 

N  ov  ember . 

4 

1 

2 

0 

0 

2.35 

26.  88 

.  1519 

0. 0760 

0 

25 

December . 

12 

4 

4 

4 

0 

1.59 

14.42 

.4396 

.1465 

0. 1465 

33 

1918. 

January . 

12 

5 

1 

6 

0 

3.70 

29. 17 

.4493 

.0374 

.2246 

42 

February . 

4 

0 

2 

2 

0 

1.62 

25.46 

.  1343 

.0671 

.0671 

0 

March . 

1 

1 

1 

0 

0 

.72 

20.37 

.0405 

.0405 

.0 

100 

April . 

10 

4 

4 

4 

0 

1. 12 

34.43 

.7911 

.3166 

.3166 

40 

May . 

1 

0 

0 

0 

0 

.34 

10.  59 

.  0596 

.0 

.0 

0 

June . 

1 

0 

1 

0 

0 

1.32 

16.  75 

.1353 

.1353 

.0 

0 

July . 

0 

0 

0 

0 

0 

.95 

19.  05 

.0 

.0 

.0 

0 

August . 

0 

0 

0 

0 

0 

.71 

8.  46 

.0 

.0 

.0 

0 

September . 

2 

1 

2 

0 

0 

2.  81 

108.  56 

.  0741 

.0741 

.0 

50 

October . 

1 

1 

0 

1 

0 

3.08 

149.  78 

.0420 

.0 

.0420 

100 

N  ovember . 

0 

0 

0 

0 

0 

1.  01 

27.  51 

.0 

.0 

.0 

0 

December . 

0 

0 

0 

0 

0 

.39 

17.  93 

.0 

.0 

.0 

0 

50 

18 

17 

17 

0 

36 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  WHEELER. 

Camp  Wheeler,  Ga.,  was  situated  about  5  miles  from  Macon,  a  city  of 
40,000  inhabitants.  The  first  contingent  to  arrive  was  composed  of  men  of  the 
National  Guard  from  Alabama,  Florida,  and  Georgia,  supplemented  by  transfers 
from  other  camps.10  The  troops  were  quartered  in  tents.  The  winter  was 
unusually  cold,  and  the  consequent  exposure  of  the  men  was  aggravated  by  a 
severe  storm  of  snow  and  sleet  about  the  middle  of  December,  the  effects  of 
which  were  said  to  last  10  days.  In  dry  weather  the  camp  was  very  dusty. 


Chart  XVIII.— Epidemiological  chart  for  Camp  Wheeler,  Ga.,  in  monthly  ratios  per  thousand  men. 


These  conditions  may  account,  at  least  in  part,  for  the  relatively  high  incidence 
of  respiratory  diseases.10 

As  the  base  hospital  was  not  fully  established  until  the  beginning  of  1918, 
there  were  no  special  empyema  records  from  this  camp.  The  sources  of  infor¬ 
mation  concerning  the  occurrence  of  empyema  at  Camp  Wheeler,  and  upon 
which  this  study  is  based,  are  the  reply  to  the  questionnaire  of  February  21, 
1918, 9  the  clinical  histories  transmitted  to  the  Surgeon  General’s  Office  after  the 
base  hospital  was  closed,21  and  unpublished  clinical  notes  furnished  by  the  chief 
of  the  surgical  service.22  Lacking  a  full  index  of  diseases,  the  records  from  the 
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hospital  were  not  in  shape  for  ready  reference,  and  in  view  of  this  and  of  the 
many  thousand  pages  of  daily  notes  which  it  was  necessary  to  study,  it  appears 
unavoidable  that  some  cases  of  empyema  have  been  overlooked.  Furthermore, 
under  the  conditions  of  unpreparedness  just  indicated,  facilities  for  bacterio¬ 
logical  examinations  must  have  been  deficient,  and  it  is  not  surprising  that  in 
many  cases  records  are  entirely  lacking.  Notwithstanding  these  difficulties  in 
obtaining  them,  it  is  probable  that  the  data  actually  used  compare  favorably 
with  those  obtained  from  other  camps  from  which  the  special  empyema  rec¬ 
ords  were  received. 


Ga. 


There  was  a  very  high  incidence  of  measles  in  the  fall  of  19 17. 11  For 
November  there  were  2,421  cases,  86  of  which  were  complicated  with  pneu¬ 
monia,  about  equally  divided  between  the  lobar  and  lobular  varieties.  Ten  of 
these  86  pneumonias  developed  empyema,  with  6  deaths.  This  is  a  ratio  of 
empyema  to  measles  of  about  0.41  per  cent  but  a  mortality  of  60  per  cent  among 
the  postmeasles  empyemata,  against  38.3  per  cent  for  the  total  number  of 
empyemata.  During  the  remainder  of  the  year  there  were  three  postmeasles 
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cases,  with  one  death,  although  the  admissions  for  measles  had  fallen  to  a 
relatively  insignificant  number. 

Following  mumps,  five  cases  of  empyema  are  on  record,  none  fatal,  although 
the  admissions  for  mumps  reached  5, 379. 11 

There  was  no  case  of  postscarlatinal  empyema.12 

It  is  important  to  note  that  in  20  cases  during  the  autumn  of  1917  and  early 
in  1918  it  is  stated  that  the  men  suffered  from  severe  colds  (in  one  case  with 
tonsillitis)  prior  to  admission.  This  number  would  constitute  about  22  per  cent 
of  the  empyema  cases  recorded  for  that  period. 

The  available  bacteriological  data  indicate  that  70  per  cent  of  the  cases 
examined  belong  to  the  streptococcus  group  and  30  per  cent  to  the  various 
types  of  pneumococcus.12 

Chart  XVIII  for  Camp  Wheeler  resembles  Chart  XVI  for  Camp  Sevier. 
There  is  a  similar  abrupt  but  transient  increase  of  empyema  in  April.  This 
is  here,  also,  coincident  with  an  outbreak  of  influenza,  which  claimed  1,967  cases 
in  that  month  against  245  in  March  and  167  in  May.  This  outbreak  occasioned 
a  rise  in  the  curve  “R,  ”  higher  than  the  autumnal  peak  in  October.  The  course 
of  the  pneumonia  curve  in  relation  to  the  curve  aRV  suggests  a  possible  diffi¬ 
culty  in  deciding  how  to  classify  some  of  the  respiratory  diseases  at  this  camp, 
an  uncertainty  as  to  whether  they  should  be  placed  among  the  influenza  cases, 
regarded  as  bronchitis,  or  classed  as  pneumonia.  In  general,  it  may  be 
observed  that  while  all  three  curves  rise  or  fall  together,  the  excursions  of  the 
empyema  curve  are  intermediate  in  extent  between  those  of  u  P  ”  and  u  RV  If 
the  grouping  of  the  respiratory  diseases  were  somewhat  uncertain  and  not 
always  completely  consistent  this  might  readily  be  reflected  in  the  curves  on 
the  chart  in  just  the  way  actually  shown.  It  is  not  possible  with  the  available 
data  to  analyze  the  conditions  prevailing  from  month  to  month.  Were  it 
certain  that  the  statistical  data  were  complete,  the  chief  interest  would  lie  in  a 
study  of  the  pneumonias  and  other  respiratory  diseases  rather  than  the  empye- 
mata. 

Table  13. a — Epidemiological  table  for  Camp  Wheeler ,  Ga. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

5 

2 

2 

0 

0 

2.41 

13.  95 

0.  2211 

0.  0885 

0 

40 

November . 

35 

13 

3 

2 

0 

15.  34 

33.  99 

1.  3905 

.  1985 

0.  2780 

37 

December . 

24 

11 

6 

2 

0 

10.68 

38.  21 

.9673 

.  2015 

.2015 

46 

1918. 

January . 

16 

8 

4 

5 

0 

9.  22 

49.  20 

.7263 

.  1818 

.2727 

50 

February . 

10 

5 

4 

0 

0 

3.  04 

38.  90 

.3977 

.  1900 

.0 

50 

March . 

3 

1 

1 

1 

0 

1.96 

26.  44 

.  1507 

.0502 

.0502 

33 

April . 

18 

6 

11 

1 

0 

4.  65 

119.  81 

1.9212 

.5640 

.0 

33 

May . 

3 

1 

2 

0 

0 

1.  11 

15.  20 

.  1432 

.  0958 

.0 

33 

June . 

0 

0 

0 

0 

0 

1.03 

6.71 

.0 

.0 

.0 

0 

July . 

0 

0 

0 

0 

0 

.47 

4.  72 

.0 

.0 

.0 

0 

August . 

3 

1 

2 

1 

0 

5.  49 

16.74 

.  1290 

.0 

.0429 

33 

September . 

0 

0 

0 

0 

0 

2.  46 

19.  33 

.0 

.0 

.0 

0 

October. . 

5 

1 

0 

1 

0 

23.  40 

89.61 

.  3370 

.0 

.0675 

20 

November . 

6 

0 

0 

2 

0 

14.69 

48.  13 

.3942 

.0 

.  1315 

0 

December . 

0 

0 

0 

0 

0 

3.  91 

8.  16 

.0 

.0 

.0 

0 

128 

49 

35 

15 

0 

38.3 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  GORDON. 

Camp  Gordon,  Ga.,  was  situated  on  rolling  ground  previously  occupied  by 
small  farms,  within  10  miles  of  Atlanta,  a  city  of  over  150,000  inhabitants.  It 
was  a  National  Army  cantonment,  receiving  drafted  men  from  Alabama, 
Georgia,  and  lennessee,  but  also  contingents  of  considerable  size  from  other 
camps.10  In  November,  1917,  the  average  strength  for  the  month  had  reached 
27,000.  The  82d  Division  moved  overseas  from  here  about  May,  1918, 
but  this  did  not  materially  reduce  the  average  monthly  strength,  which 


Chart  XX. — Epidemiological  chart  for  Camp  Gordon,  Ga.,  in  monthly  ratios  per  thousand  men. 

was  maintained  at  from  27,000  to  46,000  by  fresh  accessions  of  drafted  or 
transferred  men.10  Colored  troops  were  included  almost  from  the  start. 

The  troops  were  quartered  in  frame  barracks,  which  were  heated  with 
stoves,  and  poorly  ventilated  in  cold  weather. 

Cases  of  measles  were  numerous  during  the  last  three  months  of  1917  and 
January,  1918,  aggregating  1,051  cases  for  that  period  and  2,288  for  the  15 
months  to  and  including  December,  191 8. 11  The  postmeasles  empyema  cases 
are  recorded  in  the  special  empyema  reports  as  27  for  the  first  four  months, 
with  18  deaths,  and  13  for  the  remaining  11  months,  all  surviving.12  In  the 
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early  period  the  mortality  was,  therefore,  nearly  67  per  cent;  in  the  later,  nil. 
Among  the  fatal  cases  (18)  there  are  bacteriological  records  for  13.  They  were 
all  associated  with  streptococci.  Of  the  surviving  (nine)  cases  in  the  earlier 
period,  seven  were  streptococcic;  in  one  a  staphylococcus  was  found;  and  for 
the  remaining  case  no  data  are  given.  Finally,  among  the  12  cases  subsequent 
to  January,  1918,  7  were  associated  with  streptococcus,  2  with  pneumococcus, 
Type  IV,  and  for  3,  data  are  lacking. 


Ga. 

In  the  aggregate,  1.7  per  cent  of  the  total  number  of  measles  cases  developed 
empyema,  but  of  the  postmeasles  pneumonia  cases,  which  were  119  for  the  whole 
period,  33.6  per  cent  were  complicated  with  empyema,  and,  inferentially,  the 
streptococcus  must  have  been  an  important  causative  agency  in  the  incidence 
of  pneumonia  among  patients  with  measles. 

No  cases  are  recorded  as  following  either  mumps  or  scarlet  fever,  although 
there  were  nearly  5,000  admissions  for  the  former  disease.12  The  admissions 
for  scarlet  fever  were  only  10  for  the  whole  period  of  15  months.13 

The  number  of  cases  of  empyema,  preceded  by  “colds,”  the  exact  character 
of  which  can  not  be  stated,  is  considerable. 
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On  Chart  XX  the  similarity  between  the  curves  “R;’  and  UE”  is  very 
striking,  but  in  the  early  portion  of  aE”  the  excursions  are  exaggerations  of 
those  exhibited  by  “  RA  An  explanation  of  this  may  be  sought  by  inquiry  into 
the  nature  of  the  diseases  represented  by  the  curve  “R.”  As  was  the  case  at 
both  Camp  Sevier  and  Camp  Wheeler,  influenza  was  particularly  prevalent  at 
Camp  Gordon  in  April,  when  there  were  887  admissions  classed  as  such.  But 
there  was  also  a  high  incidence  in  December,  1917,  when  724  cases  were  reported. 
Since  influenza  throughout  all  the  camps,  with  the  possible  exception  of  Camp 
Lee,  appears  to  have  predisposed  to  empyema,  the  high  incidence  of  empyema  in 
December  and  April  may  be  correlated  with  that  of  influenza,  added  to  the 
upper  respiratory  affections  prevailing  at  the  time.  Cases  of  influenza  were 
also  relatively  numerous  in  January  and  in  May,  but  less  so  than  in  the  months 
immediately  preceding  these. 

Reference  is  especially  made  to  the  preponderance  of  streptococcus  infec¬ 
tions  in  December,  January,  and  February,  notwithstanding  the  prevalence  of 
influenza,  as  contrasted  with  the  advent  of  pneumococcus  cases  in  March  and 
April,  which  were  then  in  about  the  same  proportion  to  the  streptococcus  cases 
as  in  August  and  September,  when  influenza  again  showed  a  rise  in  incidence. 

The  curve  of  upper  respiratory  diseases  never  fell  to  quite  1  per  cent  of 
the  command  at  Camp  Gordon,  and  though  the  empyeinata  fell  to  a  minimum 
with  the  lowest  incidence  shown  by  “  R  ”  in  June  and  July,  they  did  not  entirely 
disappear.  The  histories  of  the  four  cases  falling  within  these  two  months  do 
not  differ  essentially  from  those  of  cases  which  developed  at  other  times. 


Table  14. a — Epidemiological  table  for  Camp  Gordon ,  Ga. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0.89 

7.  48 

0 

0 

0 

o 

November . 

0 

0 

0 

0 

0 

.74 

20.  99 

0 

0 

0 

o 

December . 

22 

12 

17 

0 

0 

.76 

56.  70 

0. 6388 

0. 4936 

0 

55 

1918. 

January . 

21 

13 

17 

0 

0 

1.67 

31.99 

.6444 

.5216 

0 

62 

February . 

4 

0 

3 

0 

0 

.81 

22.98 

.1404 

.1053 

0 

0 

March . 

4 

0 

2 

1 

0 

.75 

19.  51 

.1200 

.0600 

0. 0300 

0 

April . 

12 

2 

6 

1 

0 

4.79 

46.  68 

.3696 

.1848 

.1232 

17 

May . 

6 

0 

3 

0 

0 

3.98 

28.  36 

.  1993 

.0993 

.0 

0 

June . 

2 

1 

2 

0 

0 

.86 

10.  46 

.  0506 

.0506 

.0 

50 

July . 

2 

0 

1 

1 

0 

2.39 

10.  93 

.0511 

.0255 

.  0255 

0 

August . 

6 

0 

5 

1 

0 

3.36 

16.  98 

.1263 

.1052 

.0210 

0 

September . 

25 

3 

16 

7 

0 

3.05 

96.  06 

.  5910 

.3786 

.1656 

12 

October . 

12 

1 

7 

4 

0 

3.60 

60.  42 

.3577 

.  2086 

.  1192 

8 

November . 

0 

0 

0 

0 

0 

1.18 

15.  56 

.0 

.0 

.0 

0 

December . 

2 

0 

1 

0 

0 

1.29 

19.  97 

.1328 

.0664 

.0 

0 

118 

32 

80 

15 

0 

27.1 

a  Sources  of  information:  1 .  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special  empyema 
reports  made  to  the  Office  of  the  Surgeon  General. 


camp  McClellan. 

Camp  McClellan,  Ala.,  situated  about  4  miles  from  Anniston,  a  city  of 
approximately  14,000  inhabitants,  was  first  used  by  the  National  Guard  from 
New  Jersey,  Virginia,  Maryland,  and  the  District  of  Columbia,  with  small  addi¬ 
tions  from  other  camps.10  During  the  month  of  December,  1917,  the  strength 
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reached  approximately  27, 000. 10  The  number  of  colored  troops  was  negligible 
until  September,  1918,  when  2,480  arrived,  chiefly  if  not  wholly  from  Alabama.10 

The  men  were  quartered  in  tents.10 

The  total  admissions  for  measles  for  the  15  months  beginning  October, 
1917,  was  939,  24  of  which  were  complicated  with  pneumonia.11  The  months 
of  highest  incidence  were  December,  1917  (120  cases),  January  (168),  and  Sep¬ 
tember,  1918  (184),  but  no  cases  of  postmeasles  empyema  are  recorded  for  these 


Chart  XXII.— Epidemiological  chart  for  Camp  McClellan,  Ala.,  in  monthly  ratios  per  thousand  men. 

months.12  In  fact,  the  only  case  of  empyema  reported  as  following  measles  was 
admitted  November  29,  1918,  when  the  incidence  of  measles  had  fallen  to  84, 
with  only  4  cases  of  pneumonia,  all  lobular.  Bacteriological  data  concerning 
this  single  case  are  lacking.11 

There  were  no  cases  preceded  by  either  mumps  or  scarlet  fever.11 
The  total  incidence  of  empyema  at  Camp  McClellan  was  small.12  Were  it 
not  for  the  postinfluenzal  accession  of  cases  the  number  would  appear  negligible. 
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Until  the  beginning  of  March,  1918,  the  special  empyema  records  contain  only 
2  cases.  This  number  must,  however,  be  supplemented  by  at  least  4,  for  the 
reply,  dated  March  8,  to  the  questionnaire  of  February  21  gives  6  cases,  all 
following  lobar  pneumonia,  of  which  there  had  been  92  within  the  same 
period.  The  organisms  obtained  from  the  pleural  fluids  were  streptococcus,  2 ; 
pneumococcus,  Type  II,  1;  Type  IV,  1;  influenza  bacillus,  1;  and  mixed,  1. 
The  cases  included  in  the  special  empyema  records  were  both  associated  with 
streptococcus  and  may  be  identical  with  the  two  of  like  association  contained 


in  the  reply.  During  the  high  postinfluenzal  incidence  of  empyema  the  strep¬ 
tococcus  was  not  prominent,  nor  did  it  play  a  conspicuous  part  at  any  time. 

The  high  peak  shown  for  April  on  the  chart  coincided  with  a  sudden 
increase  in  cases  of  influenza,  which  reached  1,277  in  that  month,  although 
only  84  in  March  and  107  in  May.  The  slight  effect  this  outbreak  had  upon 
the  incidence  of  the  pneumonias,  and  the  abrupt  drop  in  the  number  of 
pneumonia  cases  to  an  extraordinarily  low  minimum  immediately  afterwards, 
are  very  striking. 

Notwithstanding  the  small  total  number  of  empyema  cases  at  Camp 
McClellan,  their  distribution  in  time  closely  follows  the  incidence  of  common 
respiratory  diseases  and  become  nil  when  this  incidence  fails  below  1  per  cent. 
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Table  15. a — Epidemiological  table  for  Camp  McClellan ,  Ala. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0.52 

12.  28 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

.51 

28.  06 

0 

0 

0 

0 

December . 

1 

0 

1 

0 

0 

1.  26 

35.  89 

0. 0367 

0.  0367 

0 

0 

1918. 

January . 

0 

0 

0 

0 

0 

1.09 

34.  33 

0 

.0 

0 

0 

February . 

0 

0 

0 

0 

0 

.94 

19.  21 

0 

.0 

0 

0 

March . 

] 

0 

1 

0 

0 

.72 

15.81 

.0432 

.  0432 

0 

0 

April . 

4 

0 

2 

2 

0 

1.06 

71.89 

.  1851 

.0920 

.0920 

0 

May . 

0 

0 

0 

0 

0 

.04 

7.  26 

.0 

.0 

.0 

0 

June . 

0 

0 

0 

0 

0 

.  45 

5.40 

.0 

.  0 

.0 

0 

July . 

0 

0 

0 

0 

0 

.56 

6.55 

.0 

.0 

.0 

0 

August.. . 

0 

0 

0 

0 

0 

.95 

9.  95 

.0 

.0 

.0 

0 

September . 

1 

0 

0 

1 

0 

1.38 

26.  24 

.  0580 

.0 

.0581 

0 

October . 

20 

0 

5 

13 

0 

7.66 

209.  80 

.7148 

.  1785 

.4650 

0 

November . 

3 

0 

0 

1 

0 

2.86 

24.  44 

.  1130 

.0 

.0377 

0 

December . 

3 

1 

1 

1 

0 

3.  24 

30.  97 

.  1476 

.0493 

.0493 

33 

33 

1 

10 

18 

0 

3 

a  Sources  of  information:  1.  Reportsofsickand  woundedmadetotheOfficeoftheSurgeon  General.  2.  Special  empyema 
reports  made  to  the  Office  of  the  Surgeon  General. 

CAMP  SHERMAN. 

Camp  Sherman,  Ohio,  close  to  Chillicothe,  with  approximately  15,000 
inhabitants,  was  used  for  drafted  men  of  the  National  Army  from  Ohio  and 
western  Pennsylvania,  with  a  small  contingent  from  Oklahoma.10  The  strength 
for  December,  1917,  was  approximately  34,500,  but  was  not  far  below  this 
figure  in  the  preceding  October.10  The  83rd  Division  left  for  overseas  about 
June,  1918,  after  which  Camp  Sherman  became  a  replacement  camp,  receiving 
men  from  Tennessee,  Indiana,  West  Virginia,  and  Alabama,  as  well  as  from 
Ohio  and  Pennsylvania.10  After  October,  1917,  there  were  from  2,000  to  8,000 
colored  troops  present  in  camp.10 

Two-story  frame  barracks  were  provided  for  quarters  and  at  times  were 
overcrowded,  kitchens  and  mess  halls  being  used  as  sleeping  quarters.10 

There  were  1,714  cases  of  measles  at  Camp  Sherman  during  the  14  months 
beginning  October,  1917,  but  this  disease  was  most  prevalent  in  January  and 
February,  1918,  when  859  cases  were  admitted.11  It  was  during  these  two 
months  that  postmeasles  empyema  displayed  the  highest  incidence,  10  cases 
out  of  a  total  of  12  falling  within  this  period.  Seven  of  these  died,  a  mortality 
of  70  per  cent.  Yet  the  proportion  of  empyema  to  measles  was  less  than 
1.2  per  cent.  The  other  2  cases  of  postmeasles  empyema  fell  in  December. 
1918,  when  measles  cases  were  reported  at  55.  Bacteriological  data  are  missing 
with  respect  to  2  cases,  but  the  other  10  were  all  associated  with  streptococcus. 
Indeed,  during  the  period  including  December,  1917,  to  April,  1918,  out  of  54 
bacteriological  examinations  51,  or  94  per  cent,  showed  that  the  empyema  was 
streptococcic,  with  only  6  per  cent  associated  with  pneumococcus.  These 
figures  are  derived  from  the  special  empyema  reports,12  and  are  in  substantial 
accord  with  data  obtained  through  other  and  more  contemporaneous  sources. 

There  were  no  cases  following  mumps. 

Two  followed  scarlet  fever  in  April,  1918,  with  an  intervening  lobar  pneu¬ 
monia  and  with  streptococci  in  the  pleural  fluids.  The  total  cases  of  scarlet 
fever  for  1918  numbered  329. 11 
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The  curve  for  respiratory  diseases  other  than  pneumonia  (R)  on  the  chart 
for  Camp  Sherman  shows  a  high  incidence  from  January  until  May.  This 
high  incidence  is  largely  due  to  the  elevated  ratio  for  influenza  during  these 
months,  though  common  respiratory  diseases  exhibited  a  similar  increase  during 
this  time.  Possibly  it  was  difficult  to  separate  the  two  and  decide  upon  the 
proper  group  in  which  to  place  a  given  individual  case.  The  fact  remains, 
however,  that  many  cases  of  influenza  were  recorded.  This  is  of  interest 


Chart  XXIV.— Epidemiological  chart  for  Camp  Sherman,  Ohio,  in  monthly  ratios  per  thousand  men. 

because  the  bacteriological  reports  indicate  such  a  great  preponderance  of 
streptococci.  It  may  be  inferred  from  this  and  similar  observations  in  other 
camps  that  in  the  fall  of  1917  and  in  the  early  months  of  1918  the  strepto¬ 
coccus  was  unusually  prevalent,  and  further,  that  at  this  time  the  high  incidence 
of  diseases  of  the  upper  respiratory  tract  was  associated  with  organisms  of  the 
streptococcus  group. 

The  abrupt  cessation  of  empyema  after  a  period  of  high  incidence  and  also 
the  drop  in  pneumonia  when  the  incidence  of  common  respiratory  diseases  fell  in 
May  and  June  are  very  striking.  Empyema  did  not  reappear  until  August, 
when  the  admissions  for  diseases  of  the  upper  respiratory  tract  again  exceeded 
1  per  cent  of  the  command. 
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Chart  XXV. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Sher¬ 
man,  Ohio. 

Table  16 — Epidemiological  table  for  Camp  Sherman ,  Ohio. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

| 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

2 

0 

0 

1 

0 

0. 95 

8.41 

0. 0630 

0 

0. 0315 

0 

November . 

1 

1 

0 

1 

0 

1  90 

35.01 

.0290 

0 

.0290 

100 

December . 

8 

6 

5 

2 

0 

2.35 

40.27 

.2312 

.1441 

.0577 

75 

1918. 

January . 

12 

8 

10 

0 

0 

1.  26 

43. 43 

.3663 

.3055 

.0 

67 

February . 

10 

5 

8 

0 

0 

1.44 

56.  77 

.3172 

.  2521 

.0 

50 

March . 

13 

7 

11 

0 

0 

2.  53 

71.  78 

.5091 

.4240 

.0 

54 

April . 

18 

9 

17 

1 

0 

1.48 

65.  46 

.5810 

.5190 

.0305 

50 

May . 

0 

0 

0 

0 

0 

.63 

27.62 

.0 

.0 

.0 

0 

June . 

0 

0 

0 

0 

0 

.  12 

7.62 

.0 

.0 

.0 

0 

July . 

0 

0 

0 

0 

0 

.49 

7.63 

.0 

.0 

.0 

0 

August . 

2 

0 

0 

2 

0 

.77 

10.  63 

.0716 

.0 

.0716 

0 

September . 

22 

10 

12 

7 

0 

10.11 

77. 73 

.7058 

.  3850 

.2245 

45 

October . 

73 

40 

30 

31 

0 

51.39 

154.  59 

2.  1264 

.8773 

.9050 

55 

November . 

4 

3 

1 

0 

0 

1.29 

16.  30 

.1310 

.0328 

.0 

75 

December . 

2 

1 

1 

0 

0 

.90 

18.  28 

.1441 

.0793 

.0 

50 

167 

90 

95 

45 

0 

53.8 

°  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  CUSTER. 

Camp  Custer,  Mich.,  located  5  miles  from  Battle  Creek,  a  manufacturing 
city  with  a  population  of  about  30,000.  The  camp  was  about  4J  miles  long, 
situated  on  a  ridge  roughly  parallel  to  the  Kalamazoo  River.  It  was  a  National 
Army  camp,  the  drafted  men  coming  from  Minnesota  and  the  eastern  part  of 
Wisconsin,  which  includes  the  city  of  Milwaukee,  with  nearly  430,000  inhabi¬ 
tants.10  The  strength  of  the  camp  was  about  24,000  men  in  December,  1917, 
and  was  maintained  at  about  this,  or  a  somewhat  higher  figure,  until  July, 
1918,  the  approximate  time  of  departure  of  the  85th  Division.10  In  April 
a  contingent  of  2,000  men  was  received  from  Alabama,  and  early  in  the 
summer  there  were  transfers  hither  from  camps  in  North  Dakota  and  West 
Virginia.11  There  were  colored  troops  as  early  as  December,  1917,  but  the 
number  was  small  until  the  middle  of  19 18. 10 

The  enlisted  men  were  quartered  in  two-story  frame  barracks.  In  general, 
the  health  of  the  command  was  good,  the  admission  rate  for  all  diseases  being 
comparatively  low.  Notwithstanding  this  good  showing,  the  respiratory  dis¬ 
eases  were  at  times  high,  and  this  is  attributed,  by  contemporary  observers, 
to  the  arrival  of  fresh  troops  from  places  previously  suffering  from  such  com¬ 
plaints.11  Colds,  sore  throat,  and  tonsillitis  became  prevalent  after  such  acces¬ 
sions,  often  aggravated  by  long  journeys  in  crowded  trains  and  attended  with 
fatigue  and  loss  of  sleep.  Such  conditions  were  obviously  not  confined  to  this 
particular  camp.  Many  sudden  outbreaks  of  measles  elsewhere  were  attributed 
to  like  circumstances.  Their  consideration  is  not  germane  to  the  present  study 
as  it  appears  clear  that  measles  is  not  in  itself  closely  associated  with  the  inci 
dence  of  empyema.  For  this  reason  attention  has  not  been  called  to  such 
occurrences.  But  it  has  already  become  evident  that  certain  infections  of  the 
upper  air  passages  are  potent  factors  in  determining  the  occurrence  of  empy¬ 
ema,  and  this  is  a  reason  for  dwelling  somewhat  on  the  experience  at  Camp 
Custer,  where  definite  studies  in  this  direction  were  undertaken.23  The  table 
and  graphic  charts  for  Camp  Custer  illustrate  the  relationships  referred  to. 

It  is  of  interest  to  note  that  there  were  20  cases  of  postmeasles  empyema 
between  December  4,  1917,  and  February  15,  1918, 11  a  period  during  which 
there  must  have  been  somewhat  less  than  443  cases  of  measles,  for  that  is  the 
number  of  admissions  for  this  disease  for  the  whole  of  December,  1917,  January 
and  February,  1918.  The  ratio  between  empyema  and  measles,  taking  this 
figure,  would  be  over  4.5  per  cent,  an  unusually  high  proportion.  This  could 
not  have  been  because  of  special  virulence  of  the  measles  or  peculiar  suscep¬ 
tibility  to  this  disease  on  the  part  of  the  men,  for  the  total  number  of  cases  of 
measles  for  15  months  was  794  and  of  the  measles-pneumonias  for  the  three  months 
in  question  only  2,  and  of  measles  with  other  complications,  82. 11  The  explana¬ 
tion  is  to  be  sought  in  the  nature  of  the  infections  fortuitously  associated  with  the 
measles  as  well  as  with  other  diseases.  Thus,  there  are  6  cases,  in  which  pneu¬ 
monia  was  not  noted,  that  were  admitted  with  such  varying  diagnoses  as  “  sus¬ 
pected  spinal  meningitis, ”  “  acute  catarrhal  stomatitis,”  “ intestinal  autointoxi¬ 
cation,”  “ rheumatic  fever,”  “mitral  stenosis,”  and  “septicemia”  (2  cases). 
Empyema  was  discovered  within  a  few  days  after  the  admission  of  these  cases; 
the  first  3  recovered,  the  remaining  3  died.  Such  occurrences  point  to  underlying 
causes,  as  was  particularly  recognized  by  medical  officers  in  Camp  Custer  at 
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the  time.  The  most  potent  factor  was  considered  by  them  to  be  infections  of 
the  upper  respiratory  tract  by  streptococci,  most  commonly  of  the  hemolytic 
variety.23 

Only  1  case  of  empyema  followed  mumps,  although  there  were  1,800 
admissions  for  this  disease.11 


No  postscarlatinal  cases  are  included  in  the  special  empyema  records.12 
As  must  follow  from  the  foregoing  statements,  the  charts  for  Camp  Custer 
show  a  very  close  parallelism  between  the  curves  of  common  respiratory  diseases, 


Chart  XXVI. — Epidemiological  chart  for  Camp  Custer,  Mich.,  in  monthly  ratios  per  thousand  men. 

empyema,  and  streptococcus,  while  the  curve  of  the  pneumonias  takes  an 
almost  independent  course  until  August,  when  it  also  partakes  of  the  general 
character  of  the  other  three.  It  is  particularly  noteworthy  that  the  incidence 
of  lobar  and  broncho  pneumonia  combined  falls  below  that  of  empyema  in 
February,  an  almost  unique  occurrence  and  very  striking,  when  the  high  inci¬ 
dence  of  affections  of  the  upper  air  passages  at  this  time  is  taken  into  account. 

Again,  there  is  a  break  in  the  empyema  curve,  when  falls  below  1  per 
cent,  but  this  is  not  so  exact  in  time  as  has  often  been  observed  in  other  camps 
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This  circumstance  directs  attention  to  the  nature  of  the  single  case  of  empyema 
in  June  and  the  2  cases  in  August,  when  the  respiratory  curve  exhibits  minima.13 

The  first  of  these  3  cases  was  admitted  June  11,  with  bronchopneumonia 
extending  over  the  whole  right  lung.  Aspiration,  18  days  later,  showed  the 
presence  of  pus  on  the  right  side,  and  examination  of  this  exudate  revealed 
pneumococcus,  Type  II.  Three  days  later  there  was  a  costectomy  of  the 
ninth  rib  in  the  postaxillary  line,  and  800  c.  c.  of  thick  pus  were  removed. 
The  wound  closed  about  three  weeks  later,  and  the  soldier  returned  to  duty 


Chart  XXVII. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Custer,  Mich. 


two  months  after  entering  the  hospital.  The  case  was  evidently  mild  and 
followed  a  simple  and  normal  course  toward  speedy  convalescence  without 
complication.  It  resembles  the  sporadic  cases  of  pneumococcus  empyema  com¬ 
mon  in  civil  life. 

The  first  case  in  August  was  admitted  on  the  2nd  of  the  month  with  acute 
catarrhal  bronchitis.12  No  definite  diagnosis  of  pneumonia  was  ever  recorded, 
but  aspiration  25  days  after  admission  resulted  in  20  c.  c.  of  straw-colored 
fluid.  Nine  subsequent  aspirations,  at  which  amounts  of  fluid  varying  from 
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•50  c.  c.  to  2,000  c.  c.  were  withdrawn,  were  made  at  different  intervals  until 
finally,  on  the  one  hundred  twenty-second  day,  a  portion  of  the  ninth  rib  was 
removed,  and  a  seropurulent  fluid  evacuated.  About  seven  weeks  later  it  was 
determined  that  the  case  was  tuberculous.  The  patient  was  transferred  to 
General  Hospital  No.  12,  where  the  wound  closed,  and  the  man  returned  to 
duty,  but  was  subsequently  admitted  to  the  base  hospital  at  Camp  Sherman, 
and  thence  transferred  to  Fort  McPherson.  At  one  time  streptococci  (unclassi¬ 
fied),  and  at  another,  hemolytic  streptococci  were  reported  as  found  in  the 
pleural  discharge,  but  these  examinations  were  made  nearly  three  months  after 
the  first  aspiration,  and  can  not  be  trusted  as  evidence  of  the  nature  of  the 
primary  infection,  which  was  apparently  tuberculous. 

The  second  case  in  August  was  admitted  on  the  9th  of  that  month,  with 
right  suppurative  pleurisy  following  an  accidental  gunshot  wound. 

The  last  two  cases  in  the  above  list  certainly  have  no  epidemiological 
value  for  present  purposes,  and  the  first  departs  materially  in  its  clinical 
features  from  the  cases  occurring  during  the  period  of  high  incidence  of  empy¬ 
ema  in  the  preceding  months.  The  fact  that  these  cases  occurred  when  acute 
respiratory  diseases  were  minimal  in  number  does  not  militate  against  the 
-general  rule  that  empyemas  are  absent  when  upper  respiratory  diseases  lead 
to  admissions  less  in  number  than  1  per  cent  of  the  strength  of  the  camp. 

Table  17. a — Epidemiological  table  for  Camp  Custer ,  Mich. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0. 52 

7.56 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

.39 

15. 16 

0 

0 

0 

0 

December . 

5 

1 

3 

0 

0 

.59 

19.  35 

0. 2075 

0. 1244 

0 

20 

1918. 

January . 

27 

14 

21 

1 

1 

1. 67 

40. 10 

1. 1389 

.9198 

0.  0438 

52 

February . 

15 

4 

13 

0 

0 

.64 

31.29 

.6824 

.5915 

.0 

26 

March . 

25 

12 

21 

0 

0 

1.  75 

51.  45 

1.  3774 

1.  1570 

.0 

48 

April . 

26 

10 

25 

0 

0 

3. 36 

44. 18 

1.  0397 

.9526 

.0 

38 

May . 

9 

4 

3 

3 

1 

2. 15 

15.  91 

.2999 

.  1000 

.  1000 

45 

June . 

1 

0 

0 

1 

0 

.46 

6.  95 

.0294 

.0 

.0294 

0 

.July . 

0 

0 

0 

0 

0 

.  19 

9.  99 

.0 

.0 

.0 

0 

August . 

2 

0 

1 

0 

0 

.18 

6.61 

.0685 

.0343 

.0 

0 

September . 

8 

2 

5 

0 

1 

4.  38 

58.  54 

.2086 

.  1408 

.0 

25 

October . 

76 

13 

52 

9 

1 

16. 16 

174.  88 

1.  9284 

1.  3295 

.2301 

17 

November . 

5 

0 

5 

0 

1 

.82 

13.  03 

.  1448 

.  1448 

.0 

0 

December . 

7 

0 

7 

0 

0 

.30 

20.  81 

.2239 

.2240 

.0 

0 

206 

60 

156 

14 

5 

29. 1 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
■empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  GRANT. 

Camp  Grant,  Ill.,  situated  near  Rockford,  a  manufacturing  city  of  about 
50,000  inhabitants,  was  used  for  the  National  Army.  The  drafted  men  first 
came  from  Illinois  and  Wisconsin,  largely  from  urban  homes.10  In  September, 
1917,  the  strength  averaged  approximately  13,000,  but  rose  to  over  28,000  in 
November.10  There  were  a  few  men  transferred  from  other  camps  as  early  as 
October,  1917,  and  in  March  and  April,  1918,  contingents  of  from  1,000  to  3,000 
were  received  from  Idaho,  North  Carolina,  Louisiana,  South  Dakota,  and 
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Nebraska.10  In  consequence  the  urban  class  must  have  become  less  dominant 
after  these  accessions.  There  were  nearly  a  thousand  colored  troops  in  Novem¬ 
ber,  1917,  and  from  that  time  their  number  increased,  ranging  from  3,000  to 
8,000  until  September,  1918,  when  they  reached  10,000,  about  one-fifth  of  the 
total  number  of  enlisted  men.10 

Barracks  served  as  quarters  for  the  troops. 

The  noneffective  rate  in  the  early  months  was  very  low,  being  next  to  that 
at  Camp  Upton,  where  it  was  least  of  all.  This  is  in  harmony  with  the  fact 
that  the  men  at  both  these  camps  were  drawn  chiefly  from  large  cities.  With 
the  arrival  of  colored  troops  admissions  for  measles  became  augmented,  though 
they  were  never  conspicuously  large  as  compared  with  some  of  the  southern 
camps.11 

The  total  admissions  for  measles  for  the  15  months  including  and  following 
October,  1917,  was  1,006;  the  largest  number  for  any  month  was  391  in  Janu¬ 
ary,  1918.  The  number  of  postmeasles  empyema  cases  reported  in  the  special 
empyema  records  for  the  15  months  was  nine,  with  two  deaths.12  Of  the  total 
measles  cases,  less  than  1  per  cent  developed  empyema.  In  January,  1918, 
there  were  four  postmeasles  empyema  cases,  a  trifle  over  1  per  cent  of  the 
measles  in  that  month.  Two  of  these  cases  were  associated  with  streptococcus 
(one  death),  and  two  with  staphylococcus,  both  recovering.12 

One  fatal  case  of  empyema  followed  mumps,  in  February,  1918,  when  there 
were  226  admissions  for  the  latter  disease,  nearly  the  highest  incidence  for  the 
whole  period  of  15  months,  the  highest  (278  cases)  falling  in  December,  1918. 12 

Two  postscarlatinal  empyema  cases  are  recorded  for  late  February  and  early 
March,  both  associated  with  streptococcus  and  both  surviving.  At  that  time 
there  were  relatively  many  admissions  for  scarlet  fever,  the  totals  being  38  in 
February  and  20  in  March,  out  of  188  for  the  15  months.11 

There  are  118  cases  of  empyema  for  which  bacteriological  data  are  given, 
out  of  a  total  of  134  cases,  representing  88  per  cent,  and  may  be  accepted  as 
representing  the  general  character  of  the  infections.  During  the  early  period  of 
high  incidence  streptococci  were  found  nearly  three  times  as  often  as  pneu¬ 
mococci,  but  there  are  three  cases  reported  as  associated  with  staphylococcus, 
an  unusually  high  number,  making  8  per  cent  of  the  total  positive  findings 
during  this  period.  In  the  fall  of  1918  the  streptococci  are  only  about  one- third 
more  frequent  than  pneumococci.  This  falling  off  in  the  preponderance  of 
streptococci  in  the  later  period,  as  compared  with  the  earlier  period  of  high 
incidence,  was  an  almost  universal  experience  throughout  all  the  camps.12 

The  approximate  constancy  of  the  ratio  between  empyema  and  diseases 
of  the  upper  respiratory  tract  is  clearly  shown  by  Chart  XXVIII.  In  contrast 
to  this  is  the  irregular  course  of  the  pneumonia  curve.  The  lapse  of  empyema 
is  complete  in  June,  but  the  curve  ‘‘R  ’  falls  below  1  per  cent  in  June,  July, 
and  August,  and  this  circumstance  calls  for  inquiry  into  the  histories  of  the 
four  cases  of  empyema  occurring  within  these  three  months.12 

The  first  of  these  was  admitted  May  18,  with  bilateral  follicular  tonsillitis. 
This  was  speedily  followed  by  pleurisy  on  the  left  side.  On  the  18th  day  after 
admission  550  c.  c.  of  a  cloudy  fluid  were  aspirated  from  the  left  pleural  cavity, 
and  the  following  day  upon  resecting  a  portion  of  the  eighth  rib  500  c.  c.  of  a 
seropurulent  fluid  were  evacuated.  The  wound  had  closed  by  the  end  of  the 
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fourth  month  after  admission,  and  the  patient  returned  to  duty  shortly  after¬ 
wards.  The  organism  in  the  pleural  exudate  was  a  streptococcus.  No  clinical 
evidence  of  pneumonia  was  recorded  in  the  history  of  this  case,  and  it  is  evident 
that  it  was  most  intimately  associated  with  an  infection  of  the  upper  respiratory 
tract,  although  the  incidence  of  these  infections  at  the  time  was  rapidly  waning 
The  second  case  in  this  series  was  admitted  July  6,  with  a  lobar  pneumonia 
of  the  left  lower  lobe.  Empyema  was  recognized  on  the  24th  day  after  admis¬ 
sion,  and  was  treated  by  resection  the  day  following.  There  is  no  record  of  the 


Chart  XXVIII.— Epidemiological  chart  for  Camp  Grant,  Ill.,  in  monthly  ratios  per  thousand  men. 

amount  or  character  of  the  fluid,  but  convalescence  appears  to  have  been  unin¬ 
terrupted  and  the  patient  returned  to  duty,  and  about  a  year  later  wrote  that 
he  was  fireman  in  a  hotel.  Pneumococci  were  obtained  from  the  pleural  exudate. 

Jhe  third  case,  admitted  August  5,  for  appendicitis,  had  an  appendectomy 
four  days  later,  and  10  days  thereafter  developed  an  empyema  that  was  speedily 
cured  after  resection.  The  seropurulent  exudate  contained  pneumococci. 
About  a  year  later  he  was  employed  in  a  laundry  and  complained  of  no  dis¬ 
ability.  this  case  almost  certainly  followed  general  anesthesia. 
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Finally,  the  fourth  case  was  admitted  August  3,  as  “  suspected  lobar  pneu¬ 
monia.”  Pus  was  discovered  in  the  left  pleural  cavity  on  the  day  of  admission 
and  rib  resection  was  done  five  days  later.  The  exudate  contained  pneumococci. 
About  five  weeks  later  an  abscess  in  one  of  the  abdominal  muscles  was  drained 
and  the  streptococcus  viridans  was  cultivated  from  this  pus.  A  week  later 
purulent  arthritis  of  the  left  knee  developed,  which  was  opened.  Death  occurred 
62  days  after  admission.  There  was  no  autopsy.  While  it  is  not  possible  to 
discover  the  nature  of  the  primary  disease  or  the  time  of  its  occurrence,  there 


Chart  XXIX. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Grant,  Ill. 

was  evidently  a  latent  empyema  that  had  not  been  recognized  for  some  time. 
Were  the  date  of  the  primary  disease  known,  the  case  would  have  been  included 
among  those  occurring  earlier. 

From  an  epidemiological  standpoint  the  case  occurring  in  May  presents  an 
isolated  instance  of  the  persistence  of  conditions  existing  during  the  preceding 
period  of  high  incidence,  and  its  occurrence  supports  the  general  conclusion  that 
throat  infections  are  connected  with  those  of  the  pleura. 

The  other  cases  require  no  special  comment.  They  are  of  a  character  that 
may  occur  at  any  period  of  year  in  a  community  as  large  as  this  camp. 
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Table  18. « — Epidemiological  table  for  Camp  Grant ,  III. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

1 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema'. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

3 

0 

0 

2 

0 

0.80 

8. 72 

0. 1047 

0. 0349 

0. 0698 

0 

November . 

0 

0 

0 

0 

0 

.73 

14. 16 

.0 

.0 

.0 

0 

December . 

0 

0 

0 

0 

0 

1.11 

22.77 

.0 

.0 

.0 

0 

1918. 

January . 

12 

3 

9 

1 

1 

1.68 

38. 98 

.4644 

.3496 

.0387 

25 

February . 

8 

1 

4 

1 

0 

1. 10 

24. 17 

.3368 

.1684 

.0421 

13 

March . . . 

9 

1 

6 

1 

1 

1.28 

25. 07 

.  3151 

.2101 

.0350 

11 

April . . . 

10 

3 

4 

5 

1 

3.50 

27.  65 

.  3670 

.  1468 

.1374 

30 

May . 

1 

0 

1 

0 

0 

.98 

10.  02 

.0331 

.0331 

.0 

0 

June . 

0 

0 

0 

0 

0 

.42 

4.  34 

.0 

.0 

.0 

0 

July . 

1 

0 

0 

1 

0 

.58 

6.04 

.  0235 

.0 

.0255 

0 

August . . 

2 

1 

0 

1 

0 

.56 

3.28 

.0572 

.0 

.0572 

50 

September . 

29 

11 

13 

12 

0 

.53 

126. 11 

.6010 

.2901 

.2487 

38 

October . 

50 

6 

26 

21 

0 

7.  65 

63.35 

.9068 

.4716 

.3734 

12 

November . 

4 

1 

3 

1 

0 

.58 

11.91 

.1258 

.  1006 

.0251 

25 

December . 

5 

1 

2 

0 

0 

1.11 

23.25 

.1975 

0 

.0789 

.0 

20 

134 

28 

69 

46 

0 

20.9 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
■empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  DODGE. 

Camp  Dodge,  Iowa,  on  a  sandy  ridge  about  10  miles  from  Des  Moines,  a 
city  of  about  100,000  inhabitants,  was  a  National  Army  camp.  A  large 
majority  of  the  drafted  men  came  from  Iowa,  Illinois,  Minnesota,  and  North 
Dakota,  and  were  drawn  from  regions  about  32  per  cent  urban.10  But  between 
the  middle  and  the  end  of  October,  1917,  about  3,400  men  arrived  from  Ala¬ 
bama,  and  from  that  time  there  were  from  3,000  to  6,000  colored  troops  in 
camp  throughout  19 18. 10  In  the  early  and  middle  summer  of  that  year  con¬ 
tingents  were  received  also  from  Tennessee,  Montana,  South  Dakota,  and 
Indiana.  In  origin,  the  troops  at  this  camp  were  far  from  homogeneous. 

The  enlisted  men  at  this  camp  were  quartered  in  frame  barracks. 

From  the  very  beginning  there  was  a  rather  high  incidence  of  infectious 
diseases,  measles,  mumps,  and  scarlet  fever,  as  well  as  lobar  and  broncho¬ 
pneumonia,  contributing  a  quota.11 

The  admissions  for  measles  were  366  in  the  last  three  months  of  1917; 
and  in  1918  they  reached  2,038,  making  a  total  of  2,409  for  the  15  months. 
For  the  longer  period,  the  postmeasles  lobar  pneumonia  cases  were  reported  as 
12,  and  the  bronchopneumonia  cases  as  22,  or  34  in  all.  The  postmeasles 
empyema  cases  do  not  fall  short  of  this  total,  being  31,  with  22  deaths,  a 
mortality  of  71  per  cent. 

On  the  other  hand,  the  ratio  between  postmeasles  empyema  and  total 
measles  is  under  1.4  per  cent,  leading  to  the  inference  that  measles  was  not  a 
strikingly  predisposing  disease,  but  that  empyema,  when  complicating  measles, 
was  indicative  of  a  very  serious  infection.  Of  the  9  surviving  cases  of  post¬ 
measles  empyema  there  are  bacteriological  data  concerning  7:  streptococcus,  4; 
and  pneumococcus,  3.  Among  the  22  fatal  cases,  the  bacteriological  findings 
are  available  in  17.  Of  these  17  fatal  cases  all  were  streptococcic;  and  12  are 
specifically  described  as  hemolytic,  the  question  of  hemolysis  not  being  touched 
upon  in  the  remaining  5  cases.11  Considered  in  conjunction  with  the  tabulated 
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record  of  all  the  empyemata  at  Camp  Dodge  the  inference  appears  justified 
that  the  majority  of  the  total  cases  of  empyema  were  associated  with  virulent 
strains  of  streptococci  and  that  the  high  mortality  was  largely  owing  to  this 
circumstance.12  There  is  no  imperative  reason  why,  in  this  respect,  the  post- 
measles  cases  should  be  segregated  in  a  group  by  themselves.  The  statistics 
from  other  camps  have  already  suggested  this,  but  the  large  number  of  post¬ 
measles  cases  at  Camp  Dodge  gives  it  a  particular  emphasis. 

Only  two  cases  of  empyema  are  reported  as  following  primary  mumps, 
although  there  were  3,200  admissions  for  mumps.11  In  one  case  the  organism 
was  a  hemolytic  streptococcus,  whereas,  in  the  other  case,  the  causative  organ¬ 
ism  is  unknown.  Both  survived. 

Five  postscarlatinal  empyema  cases  occurred.  The  first  in  February, 
1918,  two  in  March,  and  two  in  April.  The  admissions  for  scarlet  fever  for 
those  months  were  43,  76,  and  92,  respectively.11  Four  of  these  cases  yielded 
hemolytic  streptococcus;  no  bacteriological  record  is  given  for  the  fifth. 

The  increased  incidence  of  empyema  in  March  and  April,  shown  on  Chart 
as  relatively  greater  than  a  corresponding  rise  in  common  respiratory 
diseases,  coincides  with  a  period  when  there  was  a  considerably  larger  propor¬ 
tion  of  cases  of  influenza  than  during  February  and  May.  Presumably,  influenza 
was  of  greater  severity  at  that  time.  This  is  reflected  in  the  preponderance 
among  the  empyemata  of  streptococcus  infections,  which  rise  proportionately 
to  the  rise  in  the  empyema  curve,  while  the  pneumococcus  cases  remain  about 
stationary. 

I  he  occurrence  of  several  cases  of  empyema  in  July  and  August,  amounting 
to  six  cases  in  the  former  month,  and  eight  in  the  latter,  at  a  time  when  diseases 
of  the  upper  respiratory  tract  were  at  or  close  to  the  minimum  for  the  year, 
is  the  most  striking  feature  of  this  chart  and,  from  an  epidemiological  stand¬ 
point,  the  most  important.  For  this  reason  particular  attention  must  be  given 
to  the  nature  of  these  14  cases,  as  has  already  been  done  concerning  cases 
occurring  at  unusual  periods  in  other  camps. 

Of  the  six  cases  in  July,  three  died.  Two  of  these  fatal  cases  were  asso¬ 
ciated  with  streptococcus  and  one  with  pneumococcus,  Type  I.  The  bacte¬ 
riological  findings  in  the  surviving  three  cases  were  the  same:  two  streptococcus 
and  one  pneumococcus,  Type  I. 

The  histories  may  be  given  in  a  much  abbreviated  form  as  follows:12 

1.  Admitted  July  7.  Suspected  lobar  pneumonia.  Empyema  found  on  day  of  admission. 
Pneumococcus,  Type  I,  in  150  c.  c.  fluid  removed  by  aspiration.  No  operation.  Returned  to 
quarters  on  eighty -seventh  day. 

2.  Admitted  J uly  27 .  Measles.  Pneumonia  and  empyema  found  three  months  later.  Seven 
hundred  c.  c.  purulent  fluid  contained  hemolytic  streptococci,  influenza  bacilli,  and  a  few 
staphylococci.  Treated  by  catheter  drainage,  and  discharged  from  the  Army  on  surgeon’s  cer¬ 
tificate  of  disability  four  months  later. 

3.  Admitted  July  26.  Acute  catarrhal  bronchitis.  Lobar  pneumonia  on  second  day  and 
empyema  three  weeks  later  with  streptococci  in  seropurulent  fluid.  Thoracotomy.  Death  on 
forty ^ -third  day.  At  autopsy,  acute  hemorrhagic  tracheitis  and  bronchitis,  bronchopneumonia, 
general  peritonitis,  multiple  abscesses  of  liver.  General  streptococcus  infection. 

4.  Admitted  July  25.  Lobar  pneumonia.  No  operation.  Empyema  revealed  post  mortem 
with  pneumococcus,  Type  I,  in  pleural  fluid.  Acute  hemorrhagic  tracheitis  and  bronchitis, 
bilateral  lobar  pneumonia  involving  both  lobes  on  the  left  and  the  lower  right  lobe. 

5.  Admitted  July  30.  Observation  for  measles.  Lobar  pneumonia  about  three  weeks  later, 
and  empyema  about  three  weeks  after  the  pneumonia.  Streptococcus  in  pleural  exudate. 
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Pericarditis  with  effusion.  Abscess  under  shoulder  of  side  opposite  to  the  empyema.  Death  on 
sixty-eighth  day.  No  autopsy. 

6.  Admitted  July  31.  Measles.  Bilateral  bronchopneumonia.  Empyema  with  hemolytic 
streptococci.  Thoracotomy.  Discharged  on  surgeon’s  certificate  of  disability  on  the  two  hundred 
and  sixteenth  day. 


It  will  be  observed  that  three  of  these  cases  followed  measles  and  were 
all  associated  with  streptococci.  They  resemble  the  cases  occurring  at  periods 


of  high  incidence  and  suggest  a  persistence  in  minor  degree  of  the  conditions 
determining  the  occurrence  of  empyema  at  such  times  notwithstanding  the 
decrease  of  total  incidence  of  upper  respiratory  diseases.  It  would  be  very 
enlightening  were  records  available  of  bacteriological  surveys  of  throat  condi¬ 
tions  at  this  time,  as  they  might  have  revealed  the  existence  of  a  considerable 
number  of  streptococcus  carriers.  Case  3  originated  in  the  upper  air  passages 
and  was  also  associated  with  streptococci.  The  remaining  two  (Nos.  1  and  4) 
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were  Type  I  pneumococcus  cases  and  are  apparently  unassociated  with  pre¬ 
vailing  infections  of  the  upper  respiratory  tract.  Their  epidemiological  impor¬ 
tance  attaches  more  to  the  pneumonia  than  to  the  empyema  complicating  it. 

Six  of  the  eight  cases  originating  in  August  died.  There  are  only  five 
among  the  eight  cases  concerning  which  there  are  positive  bacteriological  find¬ 
ings.  In  four  of  these,  streptococci  were  found,  suggesting  the  continued 
presence  of  carriers  of  this  organism. 


Chart  XXXI. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Dodge, 

Iowa. 

The  following  condensed  histories  of  these  cases  are  given,  arranged  in 
chronological  order:12 

1.  Admitted  August  1.  Acute  appendicitis.  Lobar  pneumonia  and  empyema  developed 
almost  simultaneously  within  a  week.  Thoracotomy  three  months  later.  Discharged  on  sur¬ 
geon’s  certificate  of  disability,  two  hundred  and  sixty-sixth  day.  No  report  of  bacteriological 
findings  or  concerning  operation  for  appendicitis. 

2.  Admitted  August  2.  Measles;  tonsillectomy;  bronchopneumonia,  empyema,  not  operated. 
No  bacteriological  report.  Death  on  sixty-ninth  day.  No  autopsy. 
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3.  Admitted  August  2.  Vincent’s  angina.  Bronchopneumonia  sixty-fifth  day.  Died  70 
days  after  admission.  Empyema  revealed  on  post-mortem.  Autopsy:  Acute  hemorrhagic  tra¬ 
cheitis  and  bronchitis,  bronchopneumonia,  bilateral  empyema,  purulent  pericarditis.  Hemolytic 
streptococci,  in  pleural  fluid,  pericardium  and  blood  from  cavity  of  heart. 

4.  Admitted  August  4.  Lobar  pneumonia.  Empyema  with  bloody  serous  fluid,  third  day. 
Death,  fourth  day.  Autopsy  notes  lacking. 

5.  Admitted  August  10.  Observation  for  measles.  Lobar  pneumonia  in  2  days,  empyema 
in  20.  Straw-colored  fluid.  Pneumococcus,  Type  IV.  Treated  by  aspiration.  No  operation. 
Returned  to  quarters  in  two  months. 

6.  Admitted  August  12.  For  observation.  Lobar  pneumonia  in  three  days,  empyema  (110 
c.  c.  turbid  fluid  with  pneumococcus,  Type  III,  and  non-hemolytic  streptococcus)  six  days  after 
admission,  and  death  the  same  day.  Autopsy:  Bilateral  lobar  pneumonia,  purulent  tracheitis 
and  bronchitis,  bilateral  empyema,  purulent  pericarditis.  Pneumococcus,  Type  III,  from  left 
pleural  fluid,  non-hemolytic  streptococci  in  right  pleural  fluid. 

7.  Admitted  August  20.  Phimosis  and  chancroid.  Lobar  pneumonia.  Empyema  with 
streptococci.  Thoracotomy.  Death  54  days  after  admission.  No  autopsy. 

8.  Admitted  August  23.  Acute  suppurating  bubo.  Lobar  pneumonia  and  empyema  with 
aspiration  of  300  c.  c.  pus  containing  hemolytic  streptococci,  eleventh  day.  No  operation.  Death 
42  days  after  admission.  Autopsy.  Bilateral  interstitial  pneumonia,  acute  hemorrhagic  tra¬ 
cheitis  and  bronchitis,  empyema  right  side  with  1,000  c.  c.  seropurulent  fluid. 

Although  somewhat  more  abbreviated,  as  here  given,  the  available  his¬ 
tories  of  all  these  cases  are  meager.  Cases  No.  2  and  No.  3  evidently  started 
as  serious  throat  infections;  Case  No.  2,  and  possibly  Case  No.  3,  may  have 
followed  anesthesia.  With  regard  to  the  remaining  cases,  it  may  be  said 
that  none  was  a  typical  pneumonia  of  classic  nature.  All,  with  the  possible 
exception  of  Nos.  1  and  5,  offer  evidence  of  some  underlying,  severe  infection, 
the  exact  nature  of  which  is  not  revealed.  The  repeated  report  of  acute  proc¬ 
esses  in  the  trachea  and  bronchi  do,  however,  call  attention  to  the  upper  air 
passages  as  a  site  where  such  infections  had  found  lodgment. 

The  very  great  prevalence  of  streptococci  in  this  camp  leaves  little  doubt 
that  this  was  the  infecting  organism. 


Table  19. 0 — Epidemiological  table  for  Camp  Dodge,  Iowa. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

1 

0 

1 

0 

0 

1.83 

23. 54 

0. 0430 

0. 0430 

0 

0 

November . 

4 

3 

1 

2 

1 

2.01 

53. 08 

.1777 

.0427 

0. 0854 

75 

December . 

9 

4 

5 

2 

0 

2.82 

72.83 

.4683 

.2281 

.1141 

45 

1918. 

January . 

12 

6 

7 

1 

0 

1.83 

57.  45 

.5680 

.3313 

.0473 

50 

February . 

13 

8 

7 

3 

0 

1.94 

45. 96 

.6030 

.2777 

.1190 

62 

March . 

64 

48 

49 

3 

0 

6.  04 

84.52 

2.  2292 

1.  7038 

.1043 

75 

April . 

69 

46 

51 

2 

0 

9.  26 

72.33 

3.  0330 

2.  2418 

.1319 

67 

May . 

23 

16 

15 

4 

0 

2.48 

34.93 

.8096 

.5397 

.1408 

70 

June . 

1 

0 

0 

0 

0 

.47 

14.59 

.0316 

.0 

.0 

0 

July . 

6 

3 

4 

2 

0 

.47 

10.  07 

.  1290 

.0860 

.0430 

50 

August . 

8 

6 

4 

1 

0 

1. 16 

8.  29 

.  2296 

.1148 

.0287 

75 

September . 

15 

12 

13 

1 

0 

1.51 

38.  78 

.5237 

.4546 

.0349 

80 

October . 

105 

58 

72 

13 

6 

.53 

305.  48 

3. 1334 

2.  0591 

.3879 

55 

November . 

8 

5 

6 

1 

0 

.14 

34.  88 

.2740 

.2406 

.0 

63 

December . 

4 

1 

4 

0 

0 

.38 

45.  21 

.2125 

.2125 

.0 

25 

342 

216 

239 

35 

7 

63.  1 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  PIKE. 

Camp  Pike,  Ark.,  about  3  miles  from  Little  Rock,  a  city  with  a  popula¬ 
tion  approximating  55,000,  was  a  cantonment  for  the  National  Army.10  The 
men  were  drafted  from  Arkansas,  Louisiana,  Mississippi,  and  the  western  part 
of  Alabama,  and  were  chiefly  from  rural  homes,  the  relative  urbanity  of  the 
territory  from  which  they  came  being  about  20  per  cent.10  There  were  colored 
troops  almost  from  the  start,  varying  from  about  a  tenth  to  a  third  of  the 
command.10 

The  enlisted  men  were  quartered  in  barracks,  which  at  times  (chiefly  in 
summer)  were  overcrowded.  The  general  admissions  for  disease  were  high. 
Measles  started  in  September  (42  cases)  and  rapidly  increased,  reaching  over 
1,800  in  November.11  Mumps  and  scarlet  fever  were  also  prevalent.11  There 
were  196  cases  of  scarlet  fever  in  hospital  on  December  15,  1918. 

The  total  admissions  for  measles  during  the  15  months  ending  with  Decem¬ 
ber,  1918,  were  6,959.  The  special  empyema  records  give  the  total  of  post¬ 
measles  empyema  as  57  cases,  a  proportion  of  a  little  over  0.8  per  cent  of  the 
total  measles.12 

Two  cases  of  empyema  were  secondary  to  mumps.12  Both  were  asso¬ 
ciated  with  hemolytic  streptococci  and  both  recovered.  This  is  a  negligible 
proportion  of  the  total  admissions  for  mumps,  which  numbered  6,462. 

Following  scarlet  fever  there  were  three  cases  of  empyema,12  all  occurring 
in  November  and  December,  1917.  During  these  2  months  there  was  an 
epidemic  of  scarlet  fever,  the  number  of  admissions  amounting  to  2 75. 11  The 
bacteriological  history  of  the  three  cases  of  postscarlatinal  empyema  is  un¬ 
certain. 

In  Table  20  the  figures  given  for  the  associated  bacteria  are  derived  from 
the  special  empyema  records  12  compiled  at  the  base  hospital.  In  the  early 
period  of  high  incidence  these  records  indicate  only  a  moderate  preponder¬ 
ance  of  streptococci,  but  in  the  reply  to  the  questionnaire  of  February  21, 
1918, 9  transmitted  from  the  base  hospital  March  23,  it  is  stated  that  uOf  the 
85  cases  (of  empyema)  giving  positive  findings  in  both  culture  and  the  stain, 
the  following  grouping  is  warranted:  Streptococci,  63  (74  per  cent);  pneu¬ 
mococci,  22  (26  per  cent).  Of  the  various  types  of  pneumococci  we  find 
the  following:  Type  I,  2;  Type  II,  7;  Type  IV,  6;  not  agglutinated,  7.” 
Further  information  concerning  associated  microorganisms  is  given  by  Maj. 
Hugh  McKenna,  M.  R.  C.,  then  chief  of  the  surgical  service.24  The  cases 
he  deals  with  occurred  prior  to  April  27,  1918.  The  bacteriological  findings 
were:  Streptococcus  liemolyticus,  101  (80  per  cent) ;  pneumococcus,  25:  Type  I, 
2;  Type  II,  7;  Type  IV,  6;  not  typed,  10. 

These  sources  of  information  are  in  accord  respecting  the  preponderance 
of  streptococci  in  the  pleural  exudates,  and  give  ratios  of  74  per  cent  and  80 
per  cent,  respectively. 

The  foregoing  data  apply  to  the  period  prior  to  May,  1918.  A  member  of 
the  local  empyema  team  reported  88  positive  bacteriological  findings  in  em¬ 
pyema  cases  during  September,  October,  and  the  first  half  of  November,  1918. 25 
There  were  61  (69  per  cent)  associated  with  streptococci,  and  27  (31  per  cent) 
with  pneumococci. 
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All  the  available  evidence  indicates  a  great  preponderance  of  streptococci 
throughout  the  history  of  the  camp.  This  is  reflected  in  the  streptococcus 
curve  on  Chart  XXXIII,  which,  however,  is  placed  too  low  at  many  points. 
It  is  not  possible  to  make  corrections,  for  the  contemporary  reports  do  not 
contain  figures  for  individual  months. 

In  commenting  upon  the  curves  on  Chart  XXXII  there  are  few  points 
not  touched  upon  already  to  which  attention  may  be  directed.  The  high 


Chart  XXXII. — Epidemiological  chart  for  Camp  Pike,  Ark.,  in  monthly  ratios  per  thousand  men. 

level  of  the  empyema  curve  in  December  and  January  coincides  with  a  relatively 
high  incidence  of  influenza  in  those  months,  which  is  not  again  so  marked 
until  this  camp  participated  in  the  great  pandemic  in  September. 

It  will  be  noticed  here  that  during  this  epidemic  the  incidence  of  upper 
respiratory  diseases  is  greater  in  September  than  in  October,  while  the  reverse 
holds  for  the  empyema  curve.  This  was  the  case  in  many  if  not  most  of  the 
other  camps. 

45267°—  24 - 8 
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A  possible  explanation  of  this  circumstance  is  furnished  by  a  compari¬ 
son  of  the  ratios  of  deaths  per  thousand  men,  from  influenza  with  complica¬ 
tions,  in  September  and  October.12  The  monthly  ratios  were  1.98  and  1.25, 
respectively,  i.  e.,  the  deaths  per  1,000  men  were  58  per  cent  greater  in  Septem¬ 
ber  than  in  October.  It  is  not  probable  that  the  difference  in  the  incidence 
of  empyema  was  due  to  variations  in  the  complicating  infections  giving  rise 
to  empyema.  It  is  much  more  likely  that  the  character  of  the  complications 
attending  the  influenza  remained  substantially  the  same.  But  since  it  takes 


Chart  XXXIII. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Pike,  Ark. 

some  time  for  a  pleural  infection  to  reach  a  stage  in  its  evolution  when  an 
empyema  would  be  recognized  clinically,  it  follows  that  in  cases  of  early  death 
the  pleural  infection  would  not  be  detected,  while  in  those  that  lived  longer 
it  would  become  manifest  as  a  fully  developed  empyema.  The  post-mortem 
observations  on  cases  which  died  soon  after  the  onset  of  influenza  have  fre¬ 
quently  demonstrated  the  presence  of  a  fibrinopurulent  exudate  upon  the 
pleural  surfaces  which  would  have  become  empyemata  had  the  cases  survived. 
This  delay  in  the  development  of  empyema  would  depress  the  curve  of  apparent 
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incidence  during  a  severe  epidemic  to  a  degree  roughly  proportionate  to  the 
ratio  of  early  deaths.  This  same  reasoning  applies  to  all  periods  during  which 
secondary  infections  of  the  respiratory  organs  soon  proved  fatal.  At  such 
times  the  number  of  cases  in  which  empyema  is  established  upon  clinical  evi¬ 
dence  falls  short  of  the  actual  number  of  serious  pleural  infections. 

At  Camp  Pike  the  incidence  of  upper  respiratory  diseases  never  fell  below 
1  per  cent  of  the  men  in  camp,  and  corresponding  to  this  is  the  persistence  of 
empyema  throughout  the  whole  period  studied. 

Table  20. « — Epidemiological  table  for  Camp  Pike ,  Ark. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 
coccus 
group . 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

5 

1 

0 

2 

0 

2. 76 

11.58 

0. 2095 

0 

0. 0838 

20 

November . 

14 

7 

4 

5 

1 

5. 87 

29. 65 

.4829 

0. 1380 

.  1625 

50 

December . 

47 

30 

10 

5 

0 

6. 74 

54. 52 

1. 4665 

.  3120 

.  1560 

64 

1918. 

January . 

43 

18 

13 

5 

0 

5. 14 

76. 11 

1.  4900 

.  4505 

.  1732 

42 

February . 

12 

4 

6 

5 

0 

3.37 

38.  40 

.  4088 

.  2045 

.  0681 

33 

March. .  I . 

14 

5 

13 

0 

0 

5.  54 

55.  29 

.  4611 

.  4282 

.  0 

36 

April . 

11 

0 

10 

0 

0 

3.79 

49.  75 

.3993 

.  3630 

.0 

0 

May . 

12 

2 

9 

0 

0 

2. 97 

26.  75 

.3289 

.  2466 

.0 

17 

June . 

4 

0 

4 

0 

0 

2.03 

14.  47 

.  1373 

.  1373 

.0 

0 

July . . . 

4 

0 

2 

2 

0 

1.84 

18.  64 

.0678 

.  0339 

.0339 

0 

August . 

4 

1 

1 

2 

0 

1.90 

19.  65 

.0861 

.0220 

.0440 

25 

September . 

34 

13 

21 

7 

2 

4.  37 

145.  59 

.6242 

.3856 

.  1285 

38 

October . 

55 

14 

33 

22 

0 

10.  22 

122.  64 

1.0176 

.  6105 

.4070 

25 

November . 

5 

0 

5 

0 

0 

1.22 

31.53 

.  1310 

.  1310 

.0 

0 

December . 

11 

2 

7 

1 

0 

1.32 

50.49 

.  4232 

.2690 

.0380 

18 

275 

97 

138 

56 

3 

35.3 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  Generai.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  SHELBY. 

Camp  Shelby,  about  11  miles  from  Hattiesburg,  Miss.,  a  city  of  16,000 
inhabitants,  was  used  at  first  for  men  of  the  National  Guard  from  Kentucky 
and  Indiana,  but  in  October  and  November,  1917,  there  were  large  additions 
of  drafted  men,  transferred  from  other  camps.10  There  were  but  few  colored 
troops  until  July,  1918. 10  The  men  were  quartered  in  tents. 

There  was  a  sudden  and  rapid  onset  of  measles  in  the  autumn  of  191 7. 11 
After  this  the  incidence  was  small,  numbering  only  521  cases  for  the  whole 
of  1918.  Empyema  followed  this  disease  in  five  instances  with  one  fatality.12 
All  five  cases  occurred  between  November  19  and  December  11,  1917.  For 
those  two  months  the  incidence  of  measles  was  1,501  cases.  The  cases  of 
measles,  followed  by  empyema,  closely  approximated  1  in  300.  The  surviving 
cases  were  associated,  one  with  pneumococcus,  the  other  three  with  strepto¬ 
coccus.  The  bacteriological  history  of  the  fatal  case  is  not  known.12 

Four  cases  of  empyema  followed  mumps,  the  first  in  the  last  week  of 
October,  1917,  the  last  on  January  25,  1918. 12  During  these  four  months  the 
admissions  for  mumps  were  l,395.n  No  postscarlatinal  cases  are  recorded.11 

Of  particular  interest  in  Chart  XXXIV  for  Camp  Shelby  is  the  abrupt 
rise  in  the  curve  “K”  in  April,  and  the  slight  degree  in  which  this  is  reflected 
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in  the  curve  “E,”  for  in  many  of  the  camps  a  rise  in  1  K'7  at  this  time  of  year 
coincides  with  a  disproportionately  greater  rise  in  “E.”  At  Camp  Shelby,  as 
elsewhere,  the  phenominally  increased  incidence  of  diseases  of  the  upper 
respiratory  tract  was  due  to  an  outbreak  of  influenza,  which  raised  the  level  of 
the  curve  from  13.21  per  1,000  men  to  a  ratio  of  nearly  117,  or  an  increase  of 
more  than  785  per  cent.  The  coincident  increase  in  the  empyemata  was  44. 
This  is  so  strikingly  different  from  the  experiences  in  other  camps  that  it  must 


Chart  XXXIV.— Epidemiological  chart  for  Camp  Shelby,  Miss.,  in  monthly  ratios  per  thousand  men. 

be  due  to  circumstances  of  great  practical  importance,  particularly  as  the 
relations  between  influenza  and  empyema  in  the  fall  were  those  common  to 
nearly  all  camps.  The  probable  explanation  is  discovered  when  the  atten¬ 
tion  is  directed  to  two  series  of  related  facts  concerning  the  influenza  during 
these  two  periods.  In  April  the  incidence  of  complications  in  cases  of  in¬ 
fluenza  was  only  2.40  per  1,000  men  in  camp,  and  there  were  no  deaths  what¬ 
ever  from  either  uncomplicated  or  complicated  influenza.  But  in  October  the 


EMPYEMA. 


117 


incidence  of  complications  was  33.20  and  the  deaths  following  influenza  (com¬ 
plicated  and  uncomplicated)  3.65  per  1,000  men. 

Turning  to  the  histories  of  the  three  cases  of  empyema  in  April,12  it  is  found 
that  only  one  is  recorded  as  following  influenza  and  that  this  was  associated  with 
streptococcus  viridans  in  the  pleural  exudate.  The  other  two  cases  followed 
pneumonia  and  were  associated  with  pneumococcus,  Types  I  and  II,  respec¬ 
tively. 


Chart  XXXV.— Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Shelby,  Miss. 


The  foregoing  observations,  when  correlated  with  the  experience  in  other 
camps,  clearly  suggest  that  influenza  is  of  epidemiological  importance  in  the 
incidence  of  empyema  in  proportion  to  the  prevalence,  at  the  time,  of  organ¬ 
isms  prone  to  infect  the  pleura  as  secondary  invaders,  and  that  a  pure  influenzal 
infection  does  not  threaten  this  serous  cavity. 

It  remains  to  inquire  into  the  nature  of  the  two  cases  of  empyema  in  June, 
at  the  time  when  diseases  of  the  respiratory  tract  showed  the  minimal  inci¬ 
dence. 
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The  history  of  the  first  case  is  obscure;  the  patient  was  admitted  June  8, 
with  a  diagnosis  of  u hyperthyroidism ,  fever  type.7’12  It  is  explicitly  stated 
that  the  case  progressed  without  pneumonia.  Empyema  on  the  right  side 
following  a  diaphragmatic  pleurisy  was  noted  eight  days  after  admission,  and 
one  week  later  a  portion  of  the  sixth  rib  was  resected  and  720  c.  c.  of  foul¬ 
smelling  pus  were  evacuated.  This  pus  apparently  contained  streptococcus 
viridans.  A  little  more  than  five  weeks  later,  a  portion  of  the  fourth  rib  was 
resected,  and  1,000  c.  c.  of  pus  were  obtained.  After  this  second  operation, 
convalescence  began  and  the  case  pursued  an  uneventful  course.  The  patient 
returned  to  duty  131  days  after  admission. 

The  second  case  in  June  was  admitted  on  the  20th  with  suspected  lobar 
pneumonia.12  He  developed  empyema,  with  thick  pus  containing  Type  I 
pneumococcus,  33  days  later,  was  subjected  to  thoracotomy,  and  finally  re¬ 
turned  to  duty  152  days  after  admission  to  the  hospital. 


Table  21.a — Epidemiological  table  for  Camp  Shelby ,  Miss. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

1 

0 

0 

1 

0 

1.73 

9.  56 

0.  0437 

0 

0. 0437 

0 

N  ovember . 

4 

0 

2 

1 

1 

2. 13 

19.  25 

.  1577 

.0772 

.0386 

0 

December . 

7 

2 

6 

0 

0 

2.81 

33.38 

.2712 

.2321 

.0 

29 

1918. 

January . 

8 

0 

5 

2 

0 

1.73 

45.  35 

.3095 

.  1933 

.0775 

0 

February . 

3 

0 

2 

1 

0 

.70 

23.  37 

.  1190 

.0795 

.0398 

0 

March . 

2 

1 

2 

0 

0 

.46 

13.21 

.0798 

.0800 

.0 

50 

April . 

3 

0 

1 

2 

0 

1.28 

116.  95 

.1150 

.0382 

.0763 

0 

May . 

0 

0 

0 

0 

0 

.16 

10.  87 

.0 

.0 

.0 

0 

J  une . 

2 

0 

1 

1 

0 

.48 

8. 13 

.0760 

.0380 

.  0380 

0 

July . 

1 

0 

0 

1 

0 

.57 

10.  71 

.0368 

.0 

.0368 

0 

August . 

2 

1 

0 

1 

0 

1.28 

18.  00 

.0552 

.0 

.0276 

50 

September . 

1 

0 

0 

1 

0 

1.40 

55.84 

.0680 

.0 

.0681 

0 

October . 

7 

2 

1 

4 

0 

7.  73 

238.  07 

.8906 

.1272 

.6370 

29 

November . 

5 

2 

1 

4 

0 

4.  00 

41.91 

.4753 

.0950 

.3790 

40 

December . 

1 

0 

0 

1 

0 

2.  51 

24.  34 

.  1261 

.0 

.1262 

0 

47 

8 

21 

20 

1 

17 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Officeof  the  Surgeon  General.  2.  Special  empy¬ 
ema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  BEAUREGARD. 

Camp  Beauregard,  La.,  about  6  miles  from  Alexandria,  the  population  of 
which  was  15,000,  was  at  first  used  for  men  of  the  National  Guard  received 
from  Arkansas,  Louisiana,  and  Mississippi,  numbering  about  7,000  men.10 
Additions  of  drafted  men  from  other  camps  gradually  raised  the  strength  to 
an  average  of  20,000  in  December,  1917.  Among  these  transfers  were  9,000 
from  Camp  Pike  in  November,  a  time  when  Camp  Pike  was  heavily  infected 
with  measles.  The  proportion  of  troops  from  rural  homes  was  large,  pre¬ 
sumably  nearly  80  per  cent  of  the  total  number,  but  negroes  never  exceeded 
1,000  and  there  was  none  until  after.  April,  1918. 10  Tents  were  used  to  house 
the  men. 

Admissions  for  measles  began  in  October  (149  cases).11  The  number 
increased  to  1,546  in  November,  many  cases  being  imported  from  Camp  Pike;11 
fell  to  120  in  December;  and  was  negligible  through  the  winter  and  early 
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spring  of  1918.  Postmeasles  empyema  was  reported  in  nine  cases,  with  two 
deaths,  all  occurring  between  November  17  and  December  13,  1917. 

Among  the  4,574  cases  of  mumps,  none  was  followed  by  empyema.12 

For  scarlet  fever,  there  were  only  three  admissions,  and  none  of  these 
developed  pleurisy.11 

The  meager  data  furnished  by  the  special  empyema  records  for  the  months 
of  the  epidemic  of  influenza  fortunately  can  be  supplemented  from  a  pub- 


Chart  XXXVI. — Epidemiological  chart  for  Camp  Beauregard,  La.,  in  monthly  ratios  per  thousand  men. 


lished  report  by  Capt.  J.  E.  McClelland,  M.  C.,  who,  in  29  cases  of  empyema, 
found  hemolytic  streptococci  in  three  (10  per  cent)  and  pneumococci  in  19 
(66  per  cent).26  The  remaining  seven  effusions  were  sterile.  Among  the  pneu¬ 
mococci,  4  were  Type  I,  6,  Type  III,  7,  Type  IV,  and  2  were  not  typed. 

At  first  glance,  Chart  XXXVI  for  Camp  Beauregard,  with  particular 
reference  to  empyema,  appears  to  be  an  erratic  distribution  of  unrelated  lines. 
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In  the  light  of  the  studies  on  the  data  from  other  camps,  the  empyema  curve 
is  interrupted  where  it  should  be  continuous,  reappears  where  it  should  be 
absent,  and,  as  shown  on  Chart  XXXVII,  is  associated  everywhere  with 
the  wrong  dominance  in  bacterial  species.  It  is  just  such  phenomena  that 
particularly  invite  study  and  are  likely  to  prove  more  than  ordinarily  instructive. 

It  is  evident  that  during  the  two  preceding  months  all  the  respiratory 
diseases  were  on  the  down  grade,  tending  toward  a  point  where  empyema 


Chart  XXXVII.— Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Beauregard,  La. 

would  entirely  disappear,  and  that  during  these  preceding  months  the  character 
of  the  pleural  infections  was  of  the  less  serious  type,  when  abruptly  something 
happened  in  April  which  for  a  time  changed  the  course  of  events.  As  far  as 
available  data  can  throw  light  on  the  nature  of  this  reversing  influence,  it  was 
an  outbreak  of  influenza  with  an  unusually  high  proportion  of  complications, 
these  being  about  one-seventh  of  the  whole  number  of  cases.  Now,  it  is  evi¬ 
dent  from  Chart  XXXVII  that,  at  least  as  far  as  empyemata  are  concerned, 
the  streptococcus  entered  here  as  a  potent  factor  in  secondary  infections  for 
the  first  time  in  this  camp.  Furthermore,  it  continued  to  so  act  in  September, 
and  was  still  prevalent  in  October. 
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It  would  be  of  very  great  interest  could  this  comparatively  late  entrance 
of  the  streptococcus  as  a  complicating  factor  be  explained  by  some  coincident 
or  immediately  preceding  event  in  the  history  of  the  camp.  The  only  suggestion 
offered  by  the  special  empyema  records  lies  in  the  earlier  sporadic  appearance 
of  this  organism  in  a  few  cases  of  empyema.  Possibly  the  advent  of  influenza 
among  the  troops  with  a  slight  increase  in  the  strength  of  the  camp,  leading 
to  closer  contacts  among  the  men,  may  have  been  the  determining  factors 
leading  to  a  dissemination  of  the  streptococcus.  Possibly  the  weather  may 
have  made  such  contacts  particularly  close  in  March  and  early  April.  Ques¬ 
tions  such  as  these  must  be  left  unanswered  for  lack  of  data;  but,  though  the 
explanation  is  not  forthcoming,  the  sudden,  coincident  appearance  of  influenza, 
empyema  and  the  streptococcus,  at  a  time  when  previous  conditions  would  have 
warranted  a  favorable  forecast,  is  very  striking.  A  similar  occurrence  took 
place  in  September,  equally  abrupt  and  also  transient. 

Table  22. « — Epidemiological  table  of  Camp  Beauregard ,  La. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia,. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

1.14 

5.42 

0 

0 

0 

0 

November . 

11 

4 

4 

0 

0 

6.  77 

13.48 

0.  6264 

0.  2280 

0 

36 

December . 

27 

4 

4 

10 

0 

8.  29 

33.  87 

1. 3508 

.2000 

0. 5000 

15 

1918. 

January . 

13 

5 

0 

6 

0 

3.  93 

30.  35 

.5272 

.0 

.2440 

38 

February . 

5 

1 

3 

1 

0 

2.  50 

25.  07 

.2399 

.  1380 

.0460 

20 

March . 

0 

0 

0 

0 

0 

1.35 

15.11 

.0 

.0 

.0 

0 

April . 

6 

3 

4 

1 

0 

2.  95 

51. 11 

.2966 

.  1975 

.0494 

50 

May . 

7 

3 

6 

0 

0 

1.16 

27.  55 

.  3377 

.2895 

.0 

43 

June . 

2 

0 

1 

1 

0 

.95 

7.  43 

.  1005 

.  0503 

.0503 

0 

July . 

1 

1 

0 

0 

0 

.99 

10. 11 

.0412 

.0 

.0 

100 

August . 

0 

0 

0 

0 

0 

5.00 

18.  75 

.0 

.0 

.0 

0 

September . 

11 

2 

5 

1 

0 

13.  39 

500.  41 

1.  4628 

.6650 

.  1330 

18 

October . 

13 

5 

6 

1 

0 

21.44 

271.  64 

1.  3753 

.  1057 

.2114 

38 

November . 

0 

0 

0 

0 

0 

.99 

32.  81 

.0 

.0 

.0 

0 

December . 

0 

0 

0 

0 

0 

1.79 

26.  27 

.0 

.0 

.0 

0 

96 

28 

33 

21 

°l . ! . ! . 

29.2 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


CAMP  LOGAN. 

Camp  Logan,  Tex.,  in  the  immediate  outskirts  of  Houston,  a  city  of  approxi¬ 
mately  110,000  inhabitants,  was  first  occupied  by  20,000  men  of  the  National 
Guard  of  Illinois,  arriving  in  September,  19 17. 10  These  were  augmented  by 
men  transferred  from  other  camps  during  the  next  two  months.  Colored  troops 
were  present  from  the  beginning,  but  in  very  fluctuating  numbers,  and  never 
much  over  2,500.  The  men  were  quartered  in  tents.10 

Two  cases  of  empyema  followed  measles,  one  in  December,  1917,  and  one 
in  February,  19 18. 12  The  admissions  for  measles  in  those  months  were  195 
and  197,  respectively.11  In  neither  case  is  there  any  record  of  bacteriological 
findings. 

No  cases  followed  either  mumps  or  scarlet  fever,  the  admissions  for  which 
were  471  and  37,  respectively.11 
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The  incidence  of  respiratory  diseases  appears  to  have  been  governed  by 
a  continual  presence  of  influenza,  which  showed  almost  as  high  a  rate  in  April 
(86.21)  as  in  October  (88.29),  although  the  climax  was  in  September  (200. 86). 11 

The  curve  of  incidence  for  empyema  shows,  in  general,  a  closer  corre¬ 
spondence  to  that  of  upper  respiratory  diseases  than  to  that  of  the  pneu¬ 
monias,  but  displays  wider  fluctuations  than  either.  This  suggests  an  influ¬ 
ence  affecting  the  development  of  empyema,  but  not  reflected  in  the  incidence 


Chart  XXXVIII.— Epidemiological  chart  for  Camp  Logan,  Tex.,  in  monthly  ratios  per  thousand  men. 

of  primary  respiratory  diseases.  This  influence  may  well  be  the  prevalence  or 
rarity  in  camp  of  the  organisms  commonly  found  in  pleural  exudates.  These 
may  fail  to  occasion  infection  of  the  more  remote  respiratory  organs  unless 
some  intercurrent  circumstance  creates  conditions  favoring  such  a  development. 
When  this  occurs  the  resulting  empyema  may  appear  out  of  proportion  to 
this  favoring  factor. 

The  high  incidence  of  respiratory  diseases  in  May,  June,  July,  and  August, 
1918,  when  empyema  failed  to  occur,  was  due  to  an  unusual  number  of  uncom¬ 
plicated  cases  of  influenza  without  any  fatalities. 


ratios  per 
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Chart  XXXIX. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Logan, 

Tex. 

Table  23 .  a— Epidemiological  table  for  Camp  Logan ,  Tex. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

ema, 
mortali¬ 
ty  per¬ 
centage. 

1917. 

October . 

0 

0 

0 

0 

0 

0.  85 

9.53 

0-0 
.  1282 

0.0 

0.0 
.  0321 
.0 

0 

25 

0 

November . 

4 

1 

0 

1 

0 

1. 16 

13.  80 

0 

Peeember _ _ _ 

4 

0 

0 

0 

0 

1. 12 

16.90 

.  1199 

0 

1918. 

January . 

2 

1 

0 

0 

0 

2. 04 

25.  89 

.0613 

0 

.0 

.0 

.0 

.0612 

.0 

.0 

.0 

.0 

.8160 

.2773 

.0 

.0 

50 

0 

0 

38 

0 

0 

0 

0 

10 

20 

0 

0 

February . 

1 

0 

0 

0 

0 

1.  59 

21.  14 

0 

March . 

2 

0 

0 

0 

0 

.94 

16.  85 

.  0690 

0 

A  pril  . 

8 

3 

3 

2 

1 

1.33 

97.  58 

.2476 

0.  0918 

Mav . . 

0 

0 

0 

0 

0 

.33 

15.  85 

.0 

.  0 
.0 
.0 
.0 
.0 

.Tune . 

0 

0 

0 

0 

0 

1.  74 

23.  23 

.0 

July . 

0 

0 

0 

0 

0 

1.01 

18.  80 

.0 

August . 

0 

0 

0 

0 

0 

.  66 

22.  54 

.  0 

1.0215 

Sent  ember . 

10 

1 

0 

7 

1 

6.  20 

219.  12 

Oetober . 

5 

1 

0 

4 

0 

3.06 

125.  60 

.3470 

.0 

.0 

.0 

November . 

0 

0 

0 

6 

0 

.  24 

23.  57 

.  0 

December . 

0 

0 

0 

0 

0 

.  60 

22.  03 

.  0 

7 

14 

2 

19. 

OD 

/ 

0 

1 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  burgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  BOWIE. 

Camp  Bowie,  Tex.,  located  in  the  suburbs  of  Fort  Worth,  a  city  of  100,000 
inhabitants,  served  at  first  for  men  of  the  National  Guard  from  Texas  and 
Oklahoma,  who  began  to  arrive  the  latter  part  of  August,  1917,  and  by  the  end 
of  September  numbered  approximately  17, 000. 10  In  October  drafted  troops 
arrived  from  other  camps,  notably  Camp  Travis,  bringing  the  strength  up  to 
slightly  over  30, 000. 10  The  36th  Division  moved  overseas  about  July,  1918, 


Chart  XL. — Epidemiological  chart  for  Camp  Bowie,  Tex.;  in  monthly  ratios  per  thousand  men. 

after  which  the  camp  was  used  for  training  replacement  Infantry,  men 
coming  from  such  widely  separated  localities  as  California  and  Louisiana.1^ 
There  were  no  colored  troops  until  September,  1918,  and  the  average  number 
in  any  one  month  never  reached  3,000.  The  troops  were  quartered  in  tents. 

An  epidemic  of  measles  visited  the  camp  in  the  autumn  of  19 17.11  As 
early  as  October,  293  cases  were  admitted  for  this  disease.  For  November 
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tlie  number  rose  to  3,163,  fell  in  December  to  178,  and  thereafter  became 
negligible.  All  the  postmeasles  empyema  occurred  during  this  initial  period 
of  high  incidence  of  the  primary  disease  and  amounted  to  55  cases,  including 
38  that  died.13  The  first  case  occurred  November  4  and  proved  fatal,  having 
developed  a  bilateral  pneumonia.  The  incidence  of  these  empyemata  was  1.6 
per  cent  of  the  total  measles ;  the  mortality  among  the  postmeasles  cases  was 
69  per  cent.  Concerning  the  bacteriology  of  the  pleural  exudates  in  these 
particular  cases  the  data  are  very  deficient.  Among  the  17  surviving  cases, 


Chart  XLI. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Bowie,  Tex. 


4  yielded  pneumococci,  1,  streptococci,  1,  staphylococci,  but  there  are  no  avail¬ 
able  data  for  the  remaining  11.  Information  concerning  38  fatal  cases  is 
equally  disappointing — 6,  pneumococci,  6,  streptococci,  and  26,  unrecorded.12 

There  were  only  2  cases  of  empyema  preceded  by  mumps,  although  the 
admissions  for  the  latter  were  5, 317. 11  Both  of  these  cases  recovered;  one  was 
associated  with  pneumococcus,  the  other  was  without  data  concerning  the 
organism  present.  No  postscarlatinal  cases  were  reported,  and  there  were 
altogether  only  seven  admissions  for  scarlet  fever.11 
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The  bacteriological  findings  in  the  empyema  cases  at  Camp  Bowie,  limited 
to  those  contained  in  the  special  empyema  records,  are  given  in  Table  24.  It 
will  be  noted  that  the  pneumococcus  is  the  predominant  organism.  For  the 
period  which  extended  to  about  March  22,  1918,  this  relative  preponderance  of 
pneumococci  is  substantiated  by  the  reply  to  the  questionnaire  of  February  21. 9 
Of  146  cases  a  pneumococcus  was  found  alone  in  100  (69  per  cent),  associated 
with  streptococcus  in  28,  streptococcus  alone  in  17,  and  staphylococcus  in  1. 
Taking  all  cases  in  which  the  streptococcus  was  present,  the  proportion  was  31 
per  cent. 

For  the  later  period  of  high  incidence  of  empyema,  light  is  thrown  by  data 
in  an  article  published  in  July,  19 19, 27  on  the  relative  frequency  with  which 
the  pleural  exudate  yielded  pneumococci  or  streptococci.  It  was  shown  that 
there  were  of  the  pneumococcus  alone,  32;  pneumococcus  with  hemolytic  strep¬ 
tococcus,  30;  hemolytic  streptococcus  alone,  3. 

Chart  XL  shows  a  marked  likeness  between  the  curves  aRN  and  “E,n 
with  a  typical  interruption  of  the  latter  when  “K”  drops  to  the  level  of  1 
per  cent.  4 he  rise  in  April  is  coincident  with  the  familiar  increased  incidence 
of  influenza  at  that  time.  But  the  upward  trend  of  “E”  at  this  time  is  not 
exaggerated,  and  in  Chart  XLI  the  curves  “s”  and  up”  show  that,  in  so  far 
as  the  bacteriological  data  are  available,  neither  the  pneumococcus  nor  the 
streptococcus  was  greatly  predominant  at  this  time.  Taken  in  connection 
with  the  information  garnered  from  other  camps  as  well  as  from  Camp  Bowie  it 
would  appear  that  the  incidence  of  empyema  depends  upon  two  factors :  The 
prevalence  at  the  time  of  organisms  capable  of  inducing  empyema,  and  the 
occurrence  of  infections  favoring  the  migration  of  these  organisms  from  the 
upper  respiratory  tract  into  the  lungs. 


Table  24.  «• — Epidemiological  table  for  Camp  Bowie,  Tex. 


I 

Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortali¬ 
ty  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

1 

0 

0 

0 

0 

1.42 

6.  68 

0. 0324 

0 

0 

0 

N  ovember . 

76 

45 

5 

24 

1 

13. 81 

47.  64 

2.8718 

0. 1890 

0.  9080 

59 

December . 

64 

12 

14 

9 

0 

13.63 

98. 48 

2. 9343 

.5804 

.1201 

19 

1918. 

January . 

13 

4 

3 

7 

0 

5. 74 

35. 13 

.  5039 

.1164 

.2710 

31 

February . 

10 

1 

3 

8 

0 

6.53 

33.81 

.3940 

.  1182 

.2768 

10 

March . 

10 

1 

5 

4 

0 

3.83 

42.83 

.3^25 

.1963 

.1510 

10 

April . 

14 

2 

7 

5 

1 

3.55 

71.68 

.5702 

.2844 

.2040 

14 

May . 

0 

0 

0 

0 

0 

.44 

10. 20 

.0 

.0 

.0 

n 

June . 

0 

0 

0 

0 

0 

1.02 

6.  57 

.0 

.0 

.0 

o 

. 

0 

0 

0 

0 

0 

.97 

10. 36 

.0 

.0 

.0 

o 

0 

0 

0 

0 

0 

.51 

15. 08 

.0 

.0 

.0 

o 

September . 

1 

1 

1 

0 

0 

.24 

106. 18 

.1148 

.  1148 

.0 

100 

October . 

12 

2 

2 

0 

0 

11.67 

336. 39 

.7260 

.  1209 

.  0 

17 

November . 

4 

1 

0 

0 

0 

8.  68 

23.74 

.4662 

.  0 

.  0 

December . 

1 

0 

0 

1 

0 

4.72 

16.66 

.1506 

.0 

.1506 

0 

206 

69 

40 

58 

2 

33.5 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


2.  Special 


CAMP  TRAVIS. 

Camp  Travis,  Tex.,  bordering  upon  and  partly  within  the  city  limits  of 
San  Antonio,  which  has  a  population  oi  about  100,000,  was  a  National  Army 
cantonment.10  Drafted  men  came  here  from  Texas  and  Oklahoma.  They 
were  mostly  from  rural  districts,  the  territory  furnishing  them  being,  as  a  whole, 
about  23  per  cent  urban.10  Starting  early  in  September,  the  strength  of  the 
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camp  rapidly  increased,  and  by  the  end  of  that  month  reached  18,000.10  In 
October  the  average  strength  was  26,000  and  in  November,  33,000.  In  this 
month  nearly  8,000  of  the  men  were  colored,  and  until  the  end  of  1918  there 
was  always  a  large  contingent  of  negroes  m  the  command.10  The  90th  Division 
moved  overseas  about  June,  1918,  but  accessions  maintained  the  previous 
strength  of  the  camp.10  The  quarters  were  frame  barrack  buildings.10 

As  in  most  of  the  camps  of  this  general  character,  the  admissions  for  the 
usual  infectious  diseases  were  high,  particularly  during  the  early  months,11 


Chart  XLII. — Epidemiological  chart  for  Camp  Travis,  Tex.,  in  monthly  ratios  per  thousand  men. 

The  cases  of  measles,  after  small  beginnings  in  October,  abruptly  rose  to 
2,671  in  November,  were  1,435  in  December,  and  then  fell  to  46  in  January, 
after  which  there  were  only  545  during  the  remainder  of  1918. 11  Corresponding 
to  these  figures  were  14  cases  of  postmeasles  empyema  between  November  24 
and  December  14.  Two  of  these,  one  associated  with  streptococcus,  proved 
fatal.  In  the  other,  the  pneumococcus  was  found  in  the  pleural  exudate.12 

Only  one  case  of  empyema  followed  mumps,  notwithstanding  a  record  of 
8,277  admissions  for  this  disease.11  There  were  no  postscarlatinal  cases.12 
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The  special  empyema  records  give  bacteriological  data  for  107  out  of  the 
158  cases  reported.  The  pneumococcus  was  found  in  63  per  cent  of  these, 
and  appears  to  have  been  the  predominating  organism  associated  with  empyema 
at  Camp  Travis.  Possibly  the  low  mortality,  17  per  cent,  is  related  to  this 
circumstance.  There  are  no  available  data  other  than  the  special  empyema 
records  concerning  the  bacteriology  in  the  earlier  months,  but  the  findings  in 
49  pleuritic  effusions  and  empyemata  during  the  epidemic  of  influenza  were 


Chart  XLIII. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Travis, 

Tex. 


published  by  the  chief  of  the  laboratory  service.28  Twenty-four  of  these  gave 
negative  cultures.  In  the  25  giving  positive  findings  the  results  were  pneumo¬ 
coccus  alone,  13;  pneumococcus  with  influenza  bacillus,  5;  influenza  bacillus 
alone,  1;  Friedlander  bacillus,  1;  streptococcus  alone,  3;  and  streptococcus 
with  pneumococcus,  2.  The  cases  associated  with  the  pneumococcus  were, 
therefore,  about  four  times  as  numerous  as  those  associated  with  the  strep¬ 
tococcus.  It  is  of  interest  to  note  that  the  pneumococcus  predominated  in 
other  complications  during  this  epidemic.  In  16  cases  of  meningitis  the 
article  referred  to  reports  that  a  pneumococcus  was  found  in  all,  without  a 
single  case  in  which  streptococci  were  present. 
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Cases  of  empyema  were  continuously  present  at  Camp  Travis  during  the 
period  of  low  incidence  of  upper  respiratory  diseases,  but  it  will  be  noted  that 
these  never  fell  in  number  to  1  per  cent  of  the  command.12 

In  October,  1918,  the  cases  of  empyema  were  more  numerous  than  those 
of  lobar  and  bronchopneumonia  combined.  This  illustrated  the  difficulty  of 
untangling  the  confusing  physical  signs  presented  by  the  cases  at  this  time.12 


Table  25. « — Epidemiological  table  for  Camp  Travis ,  Tex. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staph  y- 
lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

2. 59 

11.59 

0 

0 

0 

0 

November . 

6 

0 

0 

0 

0 

4. 14 

22.07 

0. 1786 

0 

0 

0 

December . 

30 

6 

1 

13 

0 

6. 79 

60.  32 

.9157 

0 

0. 3960 

20 

1918. 

January . 

52 

10 

9 

21 

0 

14. 62 

128.  01 

1.6977 

0. 2839 

.6850 

19 

February . 

19 

5 

9 

6 

0 

8.  05 

51.38 

.7032 

.3333 

.2222 

26 

March . 

11 

2 

6 

3 

0 

3.92 

68.41 

.3781 

.2060 

.  1030 

18 

April . 

7 

1 

7 

0 

0 

3.01 

66.35 

.2568 

.2564 

.0 

14 

May . 

7 

0 

4 

1 

0 

2,  74 

52.86 

.1962 

.  1120 

.0280 

0 

June . 

i 

1 

1 

0 

0 

1.04 

25.  45 

.  0335 

.0335 

.0 

100 

July . 

i 

0 

0 

0 

0 

1.02 

21.96 

.  0294 

.0 

.0 

0 

August . 

2 

0 

0 

2 

0 

1.31 

24.  93 

.0642 

.0 

.0642 

0 

September . 

1 

0 

0 

1 

0 

1.64 

28.59 

.0271 

.0 

.0271 

0 

October . 

20 

2 

1 

20 

1 

.36 

293.  30 

.5306 

.0265 

.  3184 

10 

November . 

1 

0 

1 

0 

0 

1. 11 

32.  70 

.0366 

.  0366 

.0 

0 

December . 

0 

0 

0 

0 

0 

1.04 

52.  96 

.0 

.0 

.0 

0 

15S 

27 

39 

67 

1 

17.1 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special  empyema 
reports  made  to  the  Office  of  the  Surgeon  General. 


C1MP  CODY. 

Camp  Cody,  N.  Mex.,  about  3  miles  from  Deming,  a  town  of  approximately 
5,000  inhabitants,  was  first  occupied  by  men  of  the  National  Guard  from 
Minnesota,  Iowa,  Nebraska,  North  Dakota,  and  South  Dakota.10  They  were 
not  wholly  without  experience  as  soldiers  but  were  from  regions  in  which  there 
were  few  large  cities.  The  arrivals  during  September,  1917,  were  about  12, 000. 10 
In  October  over  10,000  men  came  from  other  camps.10  These  were  drafted 
men  and  their  arrival  disturbed  the  uniformity  in  origin  of  the  command. 
The  average  strength  in  October  was  about  22,000  men  and  ranged  between  this 
and  28,000  until  the  departure  of  the  34th  Division,  about  August,  1918,  when  the 
strength  fell  to  nearly  4,000  and  was  not  again  increased  beyond  about  9, 000. 10 
At  no  time  were  there  more  than  a  very  few  colored  troops.  The  men  were 
quartered  in  tents. 

Measles  was  not  prevalent  at  Camp  Cody.  The  total  number  of  admissions 
for  the  15  months  beginning  October  1, 1917,  was  550. 11  The  highest  incidence  was 
in  the  fall  of  1917,  when  there  were  164  in  November  with  11  with  pneumonia, 
and,  in  December  169,  of  which  14  were  complicated  with  pneumonia.  During 
this  period  there  were  8  cases  of  postmeasles  empyema,  3  dying.12  Of  the  total 
measles  (333)  this  would  be  2.4  per  cent  developing  emypema,  but  34  per  cent 
of  the  measles-pneumonias.  In  four  of  the  cases,  streptococci  were  found  in 
the  pleural  exudate;  in  one  the  pneumococcus;  and  in  the  remaining  three 
there  are  no  bacteriological  data. 

No  cases  of  empyema  followed  either  mumps  or  scarlet  fever.11 

In  Table  26,  based  on  the  special  empyema  records,12  the  proportion  of 
streptococcus  empyemas  is  60  per  cent.  In  the  reply  to  the  questionnaire  of 
45267°— 24 - 9 
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February  21,  1918,  it  is  62.5  per  cent.9  The  two  reports  are  in  substantial 
harmony  and  do  not  indicate  a  considerable  preponderance  of  streptococcus 
infections. 

The  relation  of  the  incidence  of  empyema  to  that  of  upper  respiratory 
diseases  as  shown  on  Chart  XLIV  is  of  interest.  When  the  latter  fell  to  approxi¬ 
mately  1  per  cent  in  May,  there  was  no  empyema  reported.  In  June,  however, 


Chart  XLIV. — Epidemiological  chart  for  Camp  Cody,  N.  Mex.,  in  monthly  ratios  per  thousand  men. 

a  month  when  empyema  is  usually  absent,  the  respiratory  diseases  rose 
and  three  cases  ol  empyema  appear,  two  of  which  were  associated  with  strepto¬ 
cocci.  In  the  following  month  the  conditions  noted  in  May  are  repeated,  and 
in  August,  again  an  unusual  month  for  empyema,  these  reappear  with  the  rise 
in  diseases  of  the  upper  respiratory  tract.  Had  there  been  one  or  two  cases  of 
empyema  in  September  this  series  ol  coincidences  would  have  been  unbroken 
from  January  to  November,  inclusive. 
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Chart  XLV. — Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp  Cody, 

N.  Mex. 

Table  26. a — Epidemiological  table  for  Camp  Cody,  N.  Mex. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto- 
coccu  s 
group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0.  52 

17.01 

0 

0 

0 

0 

November . 

7 

1 

3 

1 

0 

2. 66 

92. 99 

0. 3269 

0. 1401 

0. 0468 

14 

December . 

39 

12 

10 

13 

0 

7.07 

114.96 

1. 7852 

.4575 

.5970 

31 

1918. 

January . 

30 

10 

22 

6 

0 

5. 62 

46.  06 

1.  2146 

.8907 

.  2430 

33 

February . 

18 

2 

8 

10 

0 

5. 39 

23.69 

.7739 

.3440 

.4290 

11 

March . 

5 

2 

3 

0 

0 

2. 65 

19.  62 

.  2182 

.1310 

.0 

40 

April . 

5 

1 

3 

1 

0 

2.63 

22.  32 

.2241 

.  1407 

.0469 

20 

May . 

0 

0 

0 

0 

0 

1.51 

10.  84 

.0 

.0 

.0 

0 

June . 

6 

0 

3 

2 

0 

3. 19 

15.  82 

.2164 

.1082 

.0721 

0 

July . 

0 

0 

0 

0 

0 

.96 

5.  82 

.0 

.0 

.0 

0 

August . 

1 

0 

1 

0 

0 

1.69 

11.22 

.0858 

.0858 

.0 

0 

September . 

0 

0 

0 

0 

0 

36.  27 

14.  95 

.0 

.0 

.0 

0 

October . 

17 

3 

4 

5 

1 

.39 

431.70 

3.  0965 

.6810 

.8510 

18 

November . 

9 

1 

3 

1 

0 

4.36 

70.  40 

.9978 

.  3330 

.1110 

11 

December . 

0 

0 

0 

0 

0 

1.65 

25.09 

.0 

.0 

.0 

0 

137 

31 

60 

40 

1 

. 1 . 

22.6 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special  empyema 
reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  FREMONT. 

Camp  Fremont,  Calif.,  near  Palo  Alto,  the  population  of  which  was  about 
5,000,  served  for  the  organization  of  the  8th  Division  of  the  Regular  Army, 
beginning  in  January,  1918,  when  the  average  strength  in  enlisted  men  was 
6, 744. 10  This  strength  gradually  increased  to  June,  when  it  was  23,000.  The 
number  of  colored  troops  was  negligible.10 

The  admissions  for  measles  and  mumps  were  moderate  in  number,  being 
474  and  443,  respectively,  for  the  year.11  Two  cases  of  postmeasles  empyema  are 
recorded  in  February,  1918,  when  the  total  admissions  for  measles  was  24. 12 


Chart  XLVT.— Epidemiological  chart  for  Camp  Fremont,  Calif.,  in  monthly  ratios  per  thousand  men. 

Both  cases  were  associated  with  streptococcus,  and  both  recovered.  No 
empyema  developed  in  cases  of  mumps,  or  in  the  cases  of  scarlet  fever  for  which 
there  was  a  total  of  14  admissions.11 

The  total  number  of  empyema  cases  at  Camp  Fremont  was  so  small  and  their 
distribution  was  on  the  whole  so  nearly  uniform,  that  the  data  derived  from 
them  offer  little  opportunity  for  deductions  of  epidemiological  value.  One  fea¬ 
ture  of  interest  shown  on  Chart  XLVI  is  the  independence  of  the  empyema  in 
respect  to  pneumonia,  and  the  comparative  faithfulness  with  which  it  conforms 
to  the  curve  for  diseases  of  the  upper  respiratory  tract,  notwithstanding  the 
inexplicable  exception  in  March. 
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Chart  XLVTI. — Relationship  of  the  pneiunococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Fremont,  Calif. 


Table  27.® — Epidemiological  table  for  Camp  Fremont ,  Calif. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 

ema, 

totals. 

Empy¬ 
ema  , 
deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

November . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

December . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1918. 

January . 

0 

0 

0 

0 

0 

1.93 

22.54 

0 

0 

0 

February . 

3 

0 

3 

0 

0 

1. 11 

17.  90 

0.  2814 

0. 2814 

0 

March . 

2 

0 

1 

1 

0 

.60 

25.  40 

.1403 

.0701 

0. 0701 

April . 

2 

0 

2 

0 

0 

.29 

86.  71 

.2057 

.  1370 

.0 

May . 

3 

0 

1 

0 

1 

1.26 

26.  43 

.  1444 

.0481 

.0 

June . 

3 

0 

1 

3 

0 

1.09 

18.  92 

.1248 

.0415 

.0830 

July . 

1 

0 

1 

0 

0 

.26 

10.  17 

.0493 

.0493 

.0 

August . 

0 

0 

0 

0 

0 

1.88 

13.  72 

.0 

.0 

.0 

September . 

0 

0 

0 

0 

0 

.44 

13.  53 

.0 

.0 

.0 

October . 

2 

0 

1 

1 

0 

13.  17 

112.  50 

.2043 

.0513 

.0513 

November . 

0 

0 

0 

0 

0 

1. 14 

24.35 

.0 

.0 

.0 

December . 

0 

0 

0 

0 

0 

.70 

17.  55 

.0 

.0 

.0 

17 

0 

10 

5 

1 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 


0 


a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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CAMP  LEWIS. 

Camp  Lewis,  Wash.,  about  13  miles  from  Tacoma,  a  city  of  over  100,000 
population,  was  a  National  Army  cantonment.  The  drafted  men  came  from 
Washington,  Montana,  Utah,  California,  Idaho,  Wyoming,  and  a  few  from 
New  York  State.10  In  September,  1917,  the  mean  strength  was  18,000,  and 
the  following  three  months  it  stood  at  about  36, 000. 10  Colored  troops  were  pres¬ 
ent,  but  in  small  numbers  in  October,  1917,  and  continuously  thereafter. 
Frame  barracks  were  provided  for  quarters.10 


Chart  XLVIII. — Epidemiological  chart  for  Camp  Lewis,  Wash.,  in  monthly  ratios  per  thousand  men. 


During  January,  February,  and  March,  1918,  there  were  five  cases  of  post¬ 
measles  empyema,  one  of  which  died.11  These  five  cases  constituted  1.6  per 
cent  of  the  total  admissions  for  measles  during  the  three  months.  The  mor¬ 
tality  among  the  postmeasles  empyema  cases  was  20  per  cent,  which  is  a  lower 
rate  than  that  in  many  other  camps.11 

There  was  one  case  of  empyema  following  rubella.11  This  occurred  in 
December,  1917,  when  there  were  1,063  admissions  for  the  latter  disease.  As 
elsewhere,  so  here,  there  appears  to  be  no  significant  relation  between  the  two 
conditions. 
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Two  out  of  3,690  cases  of  mumps  developed  empyema.11 

Among  the  500  scarlet  fever  cases,  none,  followed  by  empyema,  is  reported.11 

The  proportion  of  streptococcus  empyema  was  similar  to  that  which 
obtained  in  so  many  of  the  eastern  camps.  The  findings  are  reported  for  nearly 
SO  per  cent  of  the  cases,  and  of  these  75  per  cent  were  streptococcus  and  25 
per  cent  pneumococcus.11 

The  high  incidence  of  total  respiratory  diseases  at  Camp  Lewis  is  attribut¬ 
able  to  cases  of  uncomplicated  influenza  of  a  mild  character. 


Chart  XLIX.— Relationship  of  the  pneumococcus  and  the  streptococcus  to  the  incidence  of  empyema  at  Camp 

Lewis,  Wash. 

In  Chart  XLVIII  for  Camp  Lewis  a  dotted  line  gives  the  incidence  of 
common  respiratory  diseases.  If  the  cases  of  influenza  are  added  to  this,  the 
curve  "It”  is  obtained.  In  preparing  the  charts  for  the  various  camps  the 
above  separation  has  not  been  made,  because  it  was  doubtful  whether  cases 
reported  as  influenza  would  be  consistently  similar  in  all  parts  of  the  country. 
Except  during  the  great  epidemics,  the  diagnosis  "influenza’'  does  not  very 
clearly  define  the  exact  nature  of  the  affection  to  which  it  is  applied.  It 
appears  certain  that  in  different  localities  the  practice  in  using  this  term  varied. 
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Under  the  circumstances,  the  safer  course  to  pursue  for  epidemiological  studies 
appeared  to  be  to  include  influenza  among  the  diseases  of  the  upper  respiratory 
tract.  A  pharyngeal  inflammatory  reaction  appears  to  be  a  constant  manifes¬ 
tation  of  this  disease,  while  a  true  pneumonia  is  developed  in  only  a  limited 
number  of  cases. 

The  chart  for  Camp  Lewis  very  clearly  exhibits  the  closer  analogy  of  the 
empyema  curve  to  that  of  upper  respiratory  diseases  than  to  that  of  the  pneu¬ 
monias.  While  the  pneumonia  curve  takes  a  nearly  horizontal  course  up  to 
July,  the  two  former  curves  show  wide  fluctuations  roughly  corresponding  to 
each  other.  The  study  of  these  relations  in  other  camps  has  indicated  that 
the  occurrence  of  influenza  disturbs  in  some  degree  an  otherwise  close  paral¬ 
lelism  between  the  curves  for  empyema  and  diseases  of  the  upper  respiratory 
tract.  So  here,  the  empyema  curve  takes  a  course  which  in  general  is 
intermediate  between  and  the  dotted  line  representing  common  respira¬ 

tory  diseases  alone. 

Table  28. 1 a — Epidemiological  table  for  Camp  Lewis,  Wash. 


Absolute  numbers. 

Ratios  per  1,000  men. 

Empy¬ 
ema, 
mortal¬ 
ity  per¬ 
centage. 

Empy¬ 

ema, 

totals. 

Empy¬ 

ema, 

deaths. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

Staphy¬ 

lococcus. 

Pneu¬ 

monia. 

Common 

respira¬ 

tory 

diseases. 

Empy¬ 

ema. 

Strepto¬ 

coccus 

group. 

Pneumo¬ 

coccus 

group. 

1917. 

October . 

0 

0 

0 

0 

0 

1.06 

15. 04 

0 

0 

0 

0 

November . 

2 

0 

1 

1 

0 

1.16 

44.  09 

0. 0533 

0. 0263 

0. 0263 

0 

December . 

4 

1 

1 

2 

0 

.  86 

42.  56 

.  1082 

.0271 

.0542 

25 

1918. 

January . 

5 

0 

2 

2 

0 

.89 

29.  92 

.1368 

.0548 

.0548 

0 

February . 

6 

2 

5 

0 

0 

.82 

23.  58 

.  1864 

.1551 

.0 

33 

March . 

15 

1 

10 

1 

0 

.78 

70.  95 

.5249 

.3486 

.0349 

7 

April.... . 

9 

1 

8 

0 

0 

1.14 

63.09 

.2879 

.2558 

.0 

11 

May . 

11 

0 

8 

2 

0 

.86 

27.  27 

.2758 

.2005 

.0501 

0 

June . 

3 

1 

3 

0 

0 

.96 

17.  18 

.0681 

.0681 

.  0 

33 

July . 

1 

0 

0 

0 

0 

.81 

25.71 

.0393 

.0 

.0 

0 

August . 

0 

0 

0 

0 

0 

1.14 

20.  61 

.0 

.0 

.0 

0 

September . 

4 

0 

1 

3 

0 

3.63 

36.  31 

.  1104 

.0277 

.0831 

0 

October . 

12 

1 

5 

4 

0 

8.  12 

112.  95 

.3382 

.1338 

.1126 

8 

November . 

1 

0 

1 

0 

0 

10.  88 

51.  91 

.0293 

.  0293 

.0 

0 

December . 

4 

0 

1 

0 

0 

9.25 

54.  34 

.  1345 

.0336 

.0 

0 

77 

7 

46 

15 

0 

9. 1 

a  Sources  of  information:  1.  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General.  2.  Special 
empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


SUMMARY  AND  CONCLUSIONS. 

In  the  preceding  studies  of  the  23  individual  camps  there  are  singu¬ 
larly  few  instances  where  the  curve  representing  the  incidence  of  empyema 
has  failed  to  conform  to  that  of  infections  of  the  upper  respiratory  tract.  In 
several  camps  the  parallelism  between  these  curves  is  strikingly  close.  Fre¬ 
quently,  the  way  has  been  indicated  in  which  the  empyema  curve  is  entirely 
interrupted  when  the  curve  for  this  class  of  respiratory  diseases  approaches 
its  minimum.  In  several  camps  this  absence  of  empyema  is  first  noticed  when 
the  admissions  for  these  respiratory  diseases  reached  10  per  1,000  men  in  the 
command,  or  1  per  cent. 

Cases  of  empyema  again  appeared  among  men  coming  to  the  hospital  at  a 
time  when  the  admissions  for  upper  respiratory  diseases  rose  above  1  per  cent 
of  the  men  in  camp.  It  has  also  been  learned  that  when  a  case  of  empyema 
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does  occur  during  a  period  of  low  common  respiratory  incidence,  there  is  often 
some  exceptional  feature  in  this  case  which  either  reduces  its  epidemiological 
importance,  or  else  supports  the  inference  that  there  is  a  direct  connection 
between  infection  of  the  upper  respiratory  tract  and  the  development  of 
empyema. 

When  the  parallelism,  so  frequently  adverted  to,  is  disturbed  by  a  rise  in 
one  curve  which  is  not  reflected  in  the  other,  it  has  most  frequently  been  at 
periods  when  there  was  an  exceptionally  high  incidence  of  influenza.  If  these 
cases  were  mild,  as  shown  by  a  low  mortality,  the  incidence  of  empyema  has 
been  disproportionately  low,  the  empyema  curve  being  less  affected  than  the 
curve  for  respiratory  diseases.  When  the  mortality  from  influenza  has  been 
greater,  the  empyema  incidence  has  risen  more  rapidly  in  proportion  to  the 
rise  in  incidence  of  respiratory  diseases.  These  differences  in  the  excursions  of 
the  two  curves  on  different  occasions  probably  may  be  accepted  as  evidence 
that  the  development  of  empyema  is  not  directly  dependent  upon  the  influenza, 
but  rather  upon  associated  infections  of  the  upper  respiratory  tract,  the  effects 
of  which  are  augmented  by  this  disease. 

A  comparison  of  the  charts  from  different  camps  fails  to  show  a  fixed  ratio 
between  the  empyemata  and  upper  respiratory  diseases.  In  some  camps  the 
average  distance  between  the  lines  representing  the  two  conditions  is  greater 
than  in  other  camps.  Therefore,  it  can  not  be  asserted  that  such  or  such  a 
percentage  of  men  suffering  from  infections  of  the  upper  respiratory  tract  will 
develop  empyema.  This  lack  of  a  fixed  ratio  between  these  curves  may 
depend  upon  variations  in  the  infections  of  the  upper  respiratory  tract,  some 
being  more  prone  to  further  invasion  than  others;  or,  it  may  be  due  to  con¬ 
comitant  conditions  in  the  environment  which  were  different  in  the  different 
camps. 

To  illustrate  this,  let  Camps  Pike  and  Upton  be  compared  as  offering  striking 
contrasts  in  this  respect.  In  March  the  ratio  of  empyema  to  the  common  respira¬ 
tory  diseases  was  1 :44  at  Camp  Upton,  and  at  Camp  Pike  it  was  1:119;  but  the 
incidence  of  common  respiratory  diseases  at  Camp  Pike  was  slightly  the  greater 
(a  difference  of  5.4  cases  per  1,000  men).  At  Camp  Upton  in  this  month  there 
were  2.4  per  cent  of  deaths  within  this  group  of  respiratory  diseases,  while  at 
Camp  Pike  there  was  none.  Evidently  the  general  severity  of  these  affections 
at  Camp  Upton  was  greater  than  at  Camp  Pike,  and  complications  were  more 
likely  to  have  occurred.  In  other  words,  the  upper  respiratory  infections  at 
Camp  Upton  were  relatively  more  virulent.  This  is  further  shown  by  the 
pneumonias,  which,  while  more  numerous  at  Camp  Pike  than  at  Camp  Upton, 
presented  a  lower  mortality,  the  ratios  being  20.6  per  cent  and  34  per  cent, 
respectively.  Turning  now  to  the  empyemata,  the  mortality  among  the  14 
cases  at  Camp  Pike  was  36  per  cent,  and  that  at  Camp  Upton  50  per  cent  of  the 
40  cases.  The  predominating  organism  in  the  pleural  fluids  at  both  places 
during  this  month  was  streptococcus. 

Therefore,  in  so  far  as  it  is  proper  to  accept  the  rate  of  mortality  as  an 
indication  of  the  general  virulence  of  an  infection,  it  is  evident  that  the  respira¬ 
tory  diseases  at  Camp  Upton  were  occasioned  by  relatively  more  virulent 
infections  than  at  Camp  Pike. 
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It  would  not  be  justifiable  to  attribute  this  difference  in  virulence  wholly 
to  variations  in  the  particular  strains  of  streptococcus  in  the  two  camps;  there 
are  too  many  other  factors  involved  to  warrant  so  simple  a  conclusion.  Such 
things  as  the  general  physical  condition  of  the  men,  the  exposures  to  inclement 
weather  or  excessive  fatigue,  differences  in  race,  and  in  previous  modes  of  life 
might  influence  the  relative  virulence  even  though  the  strain  of  the  organism 
were  the  same. 

There  are  no  data  which  could  be  used  profitably  in  exploring  the  maze  of 
possibilities  suggested  by  the  foregoing  considerations.  It  must  suffice  to  infer 
that  at  Camp  Upton  the  resultant  of  all  the  factors  involved  was  equivalent  to 
there  being  present  in  that  camp  a  virulent  strain  of  streptococcus  not  very 
widely  disseminated  among  the  men,  while  at  Camp  Pike  a  less  virulent  strain 
was  more  widely  distributed.  Such  an  inference  is  supported  by  the  peaks  in 
the  curves  at  Camp  Upton  in  contrast  to  their  more  uniform  levels  at  Camp 
Pike.  This  abrupt  invasion  by  a  virulent  organism  at  Camp  Upton,  if  it  really 
was  this,  coincides  in  time  to  the  arrival  of  over  7,000  men  from  other  camps. 

It  is  evident  that  the  questions  touched  upon  in  the  preceding  paragraphs 
could  be  more  satisfactorily  discussed  had  there  been  available  records  of 
bacteriological  surveys  of  the  throats  of  men  already  in  camp,  and  of  new  con¬ 
tingents  upon  their  arrival.  Such  data  are  lacking. 

In  the  foregoing  studies  of  individual  camps  the  bacteria  reported  as 
present  in  the  pleural  fluids  have  been  broadly  placed  in  three  groups.  So 
few  cases  have  been  associated  with  a  staphylococcus  that  they  offer  little  of 
epidemiological  importance.  But  the  group  of  streptococci  was  evidently  of 
preponderating  influence  in  the  autumn  of  1917  and  in  the  early  months  of  1918. 

In  few  of  the  camps  are  there  records  of  a  careful  distinction  between 
the  types  of  pneumococcus  found  in  the  exudates.  Where  this  was  made, 
however,  it  is  of  some  significance  that  Type  IV  appeared  associated  with  cases 
similar  in  character  to  those  in  which  the  hemolytic  streptococcus  was  found. 
A  grouping  of  cases  based  on  the  significance  of  the  associated  microorganisms 
might  not  unreasonably  include  those  in  which  the  pneumococcus,  Type  IV, 
was  found  in  the  same  group  with  those  yielding  the  hemolytic  streptococcus. 

Epidemiological  studies  are  fruitful  in  proportion  to  the  practical  lessons 
that  may  be  extracted  from  them. 

There  are  few  obvious  lessons  conveyed  by  the  study  of  the  23  camps  that 
have  furnished  the  material  used  in  this  chapter,  but  these  lessons  are  clear 
and  directly  practical. 

When  the  incidence  of  disease  of  the  upper  respiratory  tract  assumes 
such  proportions  that  1  per  cent  of  the  command  is  referred  to  the  hospital 
for  treatment,  it  becomes  almost  certain  that  cases  of  empyema  will  develop, 
and  that  the  empyema  cases  will  increase  in  proportion  to  a  rise  of  those  par¬ 
ticular  respiratory  diseases.  It  is  probable  that  the  increase  of  these  infec¬ 
tions  is  indicative  of  the  presence  among  the  men  of  strains  of  bacteria  prone  to 
involve  the  pleura.  But  whatever  the  explanation  may  be,  the  period  of  danger 
starts  at  this  definite  time. 

This  offers  a  forewarning  of  the  approach  of  serious  conditions  which 
might  be  averted  by  suitable  preventive  measures.  It  should  impel  regimental 
surgeons  to  direct  particular  attention  to  the  condition  of  the  nasopharynx 
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and  tonsils  of  the  men  in  their  charge.  The  dissemination  of  infections  of 
these  parts  should  be  guarded  against,  through  measures  reducing  as  far  as 
practicable  direct  and  indirect  contacts  between  those  having,  and  those  still 
free  from  troubles  of  this  character.  It  is  believed  also  that  there  is  such  a 
thing  as  a  hygiene  of  the  nose  which  is  very  commonly  neglected.  The  health 


Chart  L.  The  incidence  of  respiratory  diseases,  pneumonia,  and  empyema  in  the  Army  camps  and  cantonments  in 

monthly  ratios  per  thousand  men . 


of  the  nasal  mucosa  certainly  can  be  promoted  by  the  removal  of  accumulated 
secretions  and  these  parts  invigorated  by  proper  functional  exercise.  With 
this  in  view,  mouth  breathing,  whether  by  day  or  night,  or  while  doing  even 
heavy  muscular  work,  should  be  discouraged,  and  it  appears  rational  to  believe 
that  special  breathing  exercises,  including  forcible  expiration  through  the  nose, 
would  prove  beneficial  in  promoting  resistance  to  infection. 


140 


SURGERY. 


The  foregoing  are  preventive  measures  applicable  to  men  who  are  free 
from  infection  at  the  time.  They  are  based  upon  experience  among  people 
in  civil  life  as  well  as  those  in  military  organizations,  but  statistical  data  sup¬ 
porting  them  are  meager. 


Chart  LI. — Relationship  of  the  empyemata  due  to  streptococci  and  pneumococci  to  the  mortality  in  the  Army  camps 

and  cantonments — Absolute  numbers. 
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CHAPTER  III. 

PATHOLOGY. 


Such  studies  on  the  epidemiology  of  empyema  as  were  made  possible  by  the 
information  gathered  through  the  channels  described  in  the  first  chapter  show 
that  streptococci  (usually  hemolytic  streptococci),  or  some  variety  of  pneumo¬ 
coccus,  have  been  most  frequently  found  in  the  pleural  fluids.  Other  organ¬ 
isms,  a  staphylococcus  or  the  influenza  bacillus  alone,  have  been  reported  in 
some  cases,  but  such  instances  are  of  comparatively  rare  occurrence.  When 
these  organisms  were  present,  they  were  usually  associated  with  streptococci 
and  appear  to  have  had  little  influence  on  the  character  of  the  cases.  From 
these  observations  it  must  be  concluded  that  the  hemolytic  streptococcus  and 
the  various  types  of  pneumococcus  were  the  organisms  causing  the  severe  and 
often  fulminating  empyemata  encountered  among  the  troops  in  the  Army 
camps.  The  subject  of  inquiry  in  this  chapter  is  how  these  organisms  gain 
access  to  the  pleural  cavity  and  other  parts  of  the  body,  and  the  nature  of  the 
lesions  occasioned  by  their  presence. 

In  the  preceding  chapter  a  close  relation  has  been  shown  to  exist  between 
the  prevalence  of  diseases  of  the  upper  respiratory  tract  and  the  incidence  of 
empyema.  From  the  data  presented,  it  appears  evident  that  this  tract  is  the 
primary  portal  through  which  the  organisms,  which  ultimately  reach  the 
pleural  cavity,  gain  entrance. 

ROUTES  OF  EXTENSION  OF  INFECTION  TO  PLEURAL  CAVITY. 

There  are  three  obvious  routes  offering  a  means  for  the  extension  of  infec¬ 
tion  from  the  upper  respiratory  passages  to  the  pleura:  1.  The  infecting  or¬ 
ganisms  may  be  carried  from  the  bronchial  tree  into  the  pulmonary  alveoli 
and  there  excite  an  inflammatory  exudate  and  an  edema  which  extend  into 
the  areolar  tissue  underlying  the  pleural  endothelium.  The  damage  to  the 
tissues,  together  with  the  production  of  serous  exudate,  offers  an  opportunity 
for  the  extension  of  the  infecting  organisms  into  these  tissues  and  into  the 
pleural  cavity.  This  may  be  designated  as  the  alveolar  route.  2.  The  organ¬ 
isms  may  gain  entrance  to  the  interstitial  tissues  of  the  lungs  through  lesions 
in  the  bronchial  lining  and  be  carried  along  the  spaces  in  the  areolar  tissue  or 
through  lymphatic  channels  directly  to  the  pleural  structures.  The  infection 
of  the  pulmonary  alveoli  would  then  be  a  less  conspicuous  consequence  of  the 
invasion.  This  mode  of  extension  may  be  named  the  interstitial  route.  3. 
The  organisms  may  gain  entrance  to  the  circulating  blood  and  be  disseminated 
to  different  and  widely  separated  parts  of  the  body  with  local  foci  of  infection 
wherever  they  find  lodgment  and  the  conditions  are  favorable  for  their  develop¬ 
ment.  This  is  the  blood-stream  route  of  dissemination. 

It  is  by  no  means  necessary  to  assume  that  a  single  one  of  the  routes  men¬ 
tioned  is  the  only  one  actually  followed  in  any  given  case.  An  extension  through 
one  channel  does  not  exclude  a  concomitant  extension  through  one  or  both  of 
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CUT  SECTION  OF  LUNG  SHOWING  INTERSTITIAL  BRONCHOPNEUMONIA  OF 
STREPTOCOCCUS  ORIGIN  FOLLOWING  MEASLES.  ACCESSION 
NUMBER  606.  ARMY  MEDICAL  MUSEUM. 
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the  others.  More  than  one  route  may  be  open,  blit  it  is  likely  that  should  one 
be  the  chief  or  more  prominent  channel  of  extension  it  would  affect  the  dis¬ 
tribution  of  lesions  and  so  dominate  the  clinical  course  of  that  particular  case. 

For  this  reason  it  is  important  to  consider  first  the  probable  consequences 
of  a  dominance  of  each  of  these  possible  routes  and  then  to  follow  with  an 
inquiry  as  to  the  manner  in  which  cases  of  empyema  may  actually  be  grouped 
with  respect  to  such  possible  routes  for  the  extension  of  the  infection. 

THE  ALVEOLAR  ROUTE. 

Were  the  infection  to  extend  only  through  the  open  air  passages  and  thus 
markedly  to  affect  the  alveolar  structures  of  the  lung  before  the  pleural  surface 
was  reached,  it  is  evident  that  a  pneumonia  would  be  manifest  before  the 
pleural  infection  attracted  the  attention  of  the  clinician.  Since  the  pleural 
structures  would  be  affected  gradually,  the  first  prominent  effect  upon  the 
pleura  would  be  an  exudate  which  might  be  serous,  but  more  frequently  would 
be  fibrinous  or  serofibrinous  in  character,  and  the  initial  damage  would  be 
relatively  mild  in  degree. 

According  to  the  path  taken  within  the  lung,  the  pneumonia  would  be 
lobar  in  distribution,  or  certain  lobules  scattered  through  the  lungs  might  be 
primarily  affected,  thus  constituting  a  lobular  or  bronchopneumonia.  There 
might  be  an  extension  and  a  confluence  of  the  pneumonic  patches. 

In  the  one  case  the  initial  symptoms  would  be  those  common  in  a  typical 
lobar  pneumonia  with  an  initial  chill  and  sudden  onset  of  fever.  The  pul¬ 
monary  signs  would  be  most  prominent  from  the  onset  and  the  infection  of 
the  pleura  might  not  be  evident  until  a  fully  developed  empyema  had  become 
established. 

Where  there  is  a  single  empyema  cavity,  confined  to  that  part  of  the 
pleura  overlying  a  consolidated  area  or  a  portion  of  the  lung  already  resolving, 
the  sequence  of  events  may  be  described  as  follows:  The  damage  to  the  vessels 
and  tissue  elements  of  the  pleura  leads  to  an  exudate  in  which  the  formation 
of  fibrin  promptly  takes  place.  The  inflammation  results  in  a  fibrinous  pleu- 
ritis  and  the  subsequent  agglutination  of  the  pleural  surfaces  approximately 
coextensive  with  the  underlying  pneumonia.  If  the  process  progresses  to  the 
formation  of  pus,  the  pus  formation  takes  place  within  the  fibrinous  deposit. 
The  fibrin  is  then  absorbed  and  a  single  cavity  is  formed,  closely  confined  by 
the  peripheral  agglutination.  If  the  pus  is  not  formed  rapidly  and  in  large 
amounts,  granulations  springing  from  the  less  damaged  pleura  at  the  periphery 
of  the  cavity  lead  to  permanent  fibrous  adhesions.  In  this  way  a  single  cavity 
is  formed  bounded  throughout  its  extent  by  granulation  tissue. 

The  bacteria  in  such  cases  are  probably  invariably  pneumococci.  The 
exudate  is  moderate  throughout.  Fibrin  is  formed  in  moderate  amounts  in 
the  initial  stages,  but  undergoes  digestion  when  pus  is  formed.  The  organisms 
not  infrequently  die  and  the  pus  becomes  sterile.  If  this  pus  is  evacuated  the 
conditions  are  favorable  for  an  obliteration  of  the  cavity  because  the  pneu¬ 
monia  resolves  and  the  lung  is  capable  of  full  expansion.  The  pleural  sur¬ 
faces  are  brought  into  contact,  with  a  blending  of  the  granulations  covering 
them  and  the  production  of  the  permanent  fibrous  adhesions.  The  pliability 
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and  thickness  of  these  adhesions  depend  upon  the  thickness  of  the  layers  of 
granulations  which  developed  before  the  evacuation  of  the  abscess. 

Should  the  extension  of  the  infection  be  lobular  in  type,  affecting  several 
lobes,  the  physical  signs  would  be  diffused  over  wider  areas  of  the  chest.  Such 
an  infection  might  result  in  more  than  one  empyema  cavity.  This  is  not,  how¬ 
ever,  the  only  way  in  which  multiple  empyema  cavities  may  be  formed. 

THE  INTERSTITIAL  ROUTE. 

In  contradistinction  to  the  alveolar  route,  if  the  bacteria  should  gain  en¬ 
trance  to  the  areolar  tissues  separating  the  lobules  of  the  lung,  the  way  would 
be  opened  to  extension  in  all  directions  within  the  meshes  of  this  loosely  ar¬ 
ranged  tissue.  The  extension  within  the  lymphatic  spaces  would  be  favored 
by  the  exaggerated  respiratory  movements  and  by  the  coughing  and  the  vomit¬ 
ing  accompanying  the  infection.  In  this  way  infection  of  the  pleural  tissues 
with  pleural  effusion  might  occur  before  signs  of  pulmonary  consolidation  were 
detected.  Pleural  pain  would  be  one  of  the  first  symptoms  and  would  be 
followed  by  an  accumulation  of  fluid  in  the  pleural  cavity  in  sufficient  quan¬ 
tity  to  veil  the  physical  signs  of  a  pneumonia.  In  other  cases  the  effusion 
and  consolidation  would  progress  simultaneously  so  that  the  clinical  picture 
would  be  that  of  a  parapneumonic  pleurisy. 

Cases  of  this  type  are  more  frequently  the  result  of  streptococcus  infec¬ 
tion,  and  are  generally  characterized  by  an  abundant  exudate.  Although 
fibrin  is  formed,  agglutination  of  the  pleural  surfaces  can  occur  only  when 
these  surfaces  are  in  contact.  With  the  patient  lying  prone  on  the  back  or  on 
the  unaffected  side  agglutination  is  most  likely  to  occur  anteriorly,  so  that  a 
large  cavity  is  formed  in  the  posterior  part  of  the  chest  with  pockets  along  the 
anterior  margin  of  the  lung  beneath  the  edge  of  the  sternum.  If  the  patient 
assumed  a  half  reclining  posture  on  account  of  dyspnea,  the  adhesions  would 
be  in  the  upper  portion  of  the  chest.  The  empyema  cavity  would  then  be 
inferior.  Such  localizations  are  abundantly  illustrated  in  the  records. 

Were  the  infection  to  extend  through  the  interstitial  tissues,  it  need  not 
be  assumed  that  this  extension  would  be  only  in  the  direction  of  the  pleural 
surfaces,  for  it  might  be  in  the  opposite  direction  toward  the  hilum  of  the  lung. 
The  direction  taken  by  an  infected  fluid  would  be  quite  independent  of  the 
normal  direction  taken  by  the  lymph;  for  in  the  event  of  severe  infection 
accompanied  by  abundant  serous  exudation  the  competence  of  delicate  struc¬ 
tures  such  as  the  lymphatic  valves  could  hardly  be  maintained  nor  would  the 
bacteria  necessarily  be  confined  within  the  lymphatic  vessels.  Infections 
taking  this  course  would  involve  the  peribronchial  and  mediastinal  lymph 
nodes  and  frequently  would  invade  the  areolar  tissue  of  the  mediastinum.  Both 
the  parietal  pleurse  and  the  pericardium  might  be  infected  in  this  manner,  as 
well  as  the  areolar  tissues  in  the  neck.  The  infections  might  extend  through 
the  diaphragm  into  the  meshes  of  the  tissues  underlying  the  peritoneum.  It 
must  he  borne  in  mind  that  the  tissues  referred  to  are  subjected  to  periodical 
respiratory  alterations  of  pressure  which  promote  the  movement  of  lymph 
even  in  the  absence  of  inflammatory  processes  stimulating  its  how. 
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THE  BLOOD-STREAM  ROUTE. 

This  route  of  extension  must  be  given  a  subordinate,  though  not  unimpor¬ 
tant,  position.  There  are  many  instances  in  which  distant  parts  have  become 
the  site  of  a  secondary  infection  with  the  same  organism  found  in  the  pleural 
exudate.  Particular  reference  is  made  to  arthritis  in  the  wrist,  ankle,  or  other 
joints,  and  to  abscesses  of  the  soft  parts  too  remote  to  be  explained  readily 
by  direct  extension  through  lymphatic  channels  or  areolar  spaces.  These  can 
hardly  have  had  any  origin  other  than  transmission  by  the  circulating  blood. 
The  considerations  set  forth  when  sketching  the  other  routes  of  dissemination 
indicate  many  ways  in  which  the  blood-stream  might  receive  the  infecting 
organism  through  local  damage  to  blood  vessels  or  through  lymphatic  drainage.0 
When  the  infecting  organism  is  a  pneumococcus,  bacteriemia  is  known  to  be 
frequent.  The  direct  evidence  of  a  similar  invasion  of  the  blood  current  by 
streptococci  is  very  much  less  impressive.  The  records  contain  many  exami¬ 
nations  of  the  blood  for  the  detection  of  these  bacteria,  but  there  are  few 
instances  in  which  cultures  have  shown  streptococci  except  during  the  few 
hours  immediately  before  death.  This  does  not  preclude  the  occurrence  of 
such  an  invasion  as  an  occasional  and  transient  event  at  any  period  in  the 
course  of  some  cases.  There  is  no  evidence,  however,  that  empyema  was 
primarily  the  result  of  a  blood-stream  infection.  In  certain  instances  empyema 
followed  pneumonia  occurring  after  an  infection  of  the  blood  stream  from 
distant  foci. 

EXTENSION  OF  RESPIRATORY  INFECTION  TO  PARTS  OTHER  THAN  THE  PLEURA. 

In  the  foregoing  paragraphs  the  paths  by  which  infection  may  reach  the 
pleura  have  been  the  chief  consideration.  It  would  not  be  profitable  to  focus 
the  attention  solely  on  the  pathology  of  the  inflammatory  processes  affecting 
the  pleura.  Autopsies  on  many  cases  of  empyema  revealed  inflammation  in 
other  parts  of  the  body  attributable  to  the  same  infecting  organism.  These 
were  often  of  greater  importance  than  the  empyema  itself.  The  infection  was 
not  confined  to  the  lungs,  but  often  involved  the  pericardium  and  peritoneum 
as  well  as  soft  parts  far  removed  from  the  pleural  cavities.  The  joints,  the  mid¬ 
dle  ear,  the  nasal  sinuses,  and  the  subcutaneous  areolar  tissue  were  frequently 
involved.  These  various  localizations  are  not  all  attributable  to  the  same 
route  of  infection,  nor  are  they  all  secondary  to  the  pleuritis  for  they  have 
occurred  before  the  latter  could  be  recognized.  Those  of  the  accessory  nasal 
sinuses  and  the  middle  ear  may  be  occasioned  by  direct  extension  from  the 
upper  respiratory  tract.  Infection  of  joints  and  distant  soft  parts  is  generally 
referred  to  dissemination  of  the  organisms  by  the  circulating  blood,  the  locali¬ 
zation  being  determined  by  a  slowing  of  the  current  through  pressure,  some 
form  of  local  damage,  or  peculiarities  in  the  vascular  supply  of  the  part  affected. 
The  frequent  occurrence  of  pericarditis  and  of  peritonitis  has  also  been  attributed 
to  blood  stream  infection.  While  in  many  cases  this  actually  may  have  been 
the  route  of  infection,  it  is  not  the  only  rational  explanation  of  the  frequenev 
of  these  thoracic  complications. 


a  Blake  and  Cecil  ( Journal  of  Experimental  Medicine,  1920,  xxxi,  No.  5,  519)  have  observed  invasion  of  the  blood 
stream  within  six  hours  after  intracheal  inoculation  of  a  monkey  with  virulent  pneumococci.  Such  a  rapid  development 
of  septicemia  points  to  absorption  through  lymphatic  channels. 


146 


SURGERY. 


Reports  from  some  of  the  base  hospitals  have  stressed  the  frequency 
with  which  pericarditis  and  peritonitis  were  associated  with  empyema.  The 
authors  of  these  reports  have  suggested  that  the  organisms  found  in  these 
cases  showed  a  special  predilection  for  serous  cavities,  and  that  the  empyema 
was  only  one  example  of  the  affinity  displayed  by  the  bacteria  for  serous  sur¬ 
faces.  Such  reports  can  not  but  call  attention  to  the  anatomical  relations  of 
the  pleurae,  pericardium,  and  peritoneum  to  the  lymphatics  and  areolar  tissue 
which  lie  immediately  beneath  all  the  intrathoracic  serous  surfaces,  surround 
the  intrathoracic  viscera,  and  are  continuous  with  the  outer  coats  of  structures 
passing  through  the  diaphragm.  It  is  necessary  to  consider  the  evidence 
pointing  toward  an  extension  through  the  mediastinal  areolar  tissue. 

There  is  one  striking  illustration  of  the  way  in  which  dissemination  may 
take  place  from  the  lung  into  the  areolar  tissues  of  the  mediastinum,  neck,  and 
contiguous  parts.  This  is  offered  by  the  interstitial  emphysema  which  is  not 
uncommon  after  postinfluenzal  pneumonia  and  pleurisy.  This  interstitial 
emphysema  is  probably  due  to  rupture  of  pulmonary  alveoli,  with  entrance  of 
air  into  the  interlobular  connective  tissue.  In  such  cases  beaded  rows  of  air 
bubbles  can  be  seen  beneath  the  visceral  pleura;  and  they  follow  the  inter¬ 
lobular  septa  to  the  hilum  and  into  the  areolar  tissue  between  the  parietal 
pleura?  of  the  two  sides,  then  into  the  pericardium  and  the  muscles  and  vessels 
of  the  neck;  or  the  air  may  make  its  way  into  the  subcutaneous  tissues  of  the 
neck,  shoulders,  thorax,  and  abdomen.  If  air  can  be  forced  through  these 
tissues  there  is  no  reason  to  believe  that  fluid  may  not  follow"  the  same  route 

and  that  bacteria  may  not  be  carried  with  it. 

In  the  great  majority  of  cases  such  extensive  dissemination  did  not  take 
place.  In  the  extremely  fulminating  cases,  in  which  death  occurred  within  a 
short  time  after  the  onset  of  symptoms,  all  the  seious  cavities  were  usually 
affected.  This  supports  the  view  that  extension  through  the  mediastinal 
areolar  tissue  may  actually  occur.  The  mediastinal  structures,  however,  w"ere 
not  always  carefully  examined  at  autopsy  and  bacteiiologic  examinations 
were  rarely  made.  There  are  many  reports  of  edema,  purulent  infiltration,  01 
abscesses  in  the  mediastinal  tissues,  and  a  few  of  phlegmons  of  the  neck  for 
which  no  obvious  explanation  could  be  found  at  autopsy.  These  findings 
would  be  expected  if  the  mediastinal  areolar  tissues  were  infected.  When 
pericarditis  occurred  later,  after  the  acute  infection  had  subsided,  the  infection 
probably  took  place  through  the  damaged  pleural  tissue.  There  is  no  marked 
difference  in  the  relations  of  the  pericardium  to  the  pleura  on  the  two  sides  of 
the  chest,  and  pericarditis  has  occurred  at  least  as  frequently  wdth  an  empyema 
on  the  right  side  as  with  one  on  the  left.  Similarly,  there  can  be  no  doubt  that 
the  diaphragm  may  be  invaded  by  bacteria.  A  subphrenic  abscess  or  a  general 
peritonitis  may  occur  in  this  way. 

MEDIASTINAL  INFECTIONS. 

The  data  relative  to  the  infection  of  the  mediastinum  through  the  lym¬ 
phatic  channels  draining  the  infected  portions  of  the  lung  are  so  extensive 
that  they  can  be  considered  only  briefly  in  this  chapter.  It  is  necessary, 
however,  to  bring  together  certain  of  these  data  to  aid  in  the  correlation  of  the 
pathology  and  the  clinical  material  to  be  considered  latei . 
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Three  possible  modes  of  infection  have  been  mentioned  in  the  preceding 
paragraphs.  The  alveolar  route  of  bacterial  invasion  can  account  for  the 
infection  of  the  lung  and  subsequent  infection  of  the  pleura  by  direct  extension. 


num,  pericardium,  and  peritoneum,  or  that  they  pass  directly  through  the 
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pericardium  and  diaphragm.  On  the  whole,  there  is  little  pathological  or  exper¬ 
imental  evidence  that  the  bacteria  invade  the  serous  cavities  except  through 
the  lymphatics,  since  sections  of  the  diaphragm  and  pericardium  in  the  cases 


Chart  LIII.— Complications  in  339  cases  of  streptococcus  empyema,  with  autopsy. 

which  have  died  with  extensive  infection  do  not  show  bacteria  in  the  areolar 
tissue.  Occasionally,  bacteria  may  be  found  in  the  capillaries  of  the  peri¬ 
cardium  or  diaphragm,  but  only  in  cases  in  which  the  blood  cultures  were 
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positive  immediately  before  death  or  at  autopsy.  Since  bacteria  have  been 
found  in  the  blood  stream  ante  mortem  and  in  the  capillaries  post  mortem, 
infection  of  the  serous  surfaces  might  have  taken  place  through  the  blood 
stream.  A  serious  objection  to  this  view  is  the  fact  that  the  blood  was  seldom 
infected  until  immediately  before  death  and  not  until  there  was  previous 
clinical  evidence  of  extension  to  the  peritoneum  or  to  thoracic  viscera  other 
than  the  lung,  and  pleura.  This  is  applicable,  of  course,  only  to  streptococci. 

A  careful  consideration  of  the  gross  pathology  of  cases  of  empyema  has 
shown  that  there  is  a  definite  relation  between  all  of  these  infections  of  the 
serous  cavities  and  that  this  relation  holds  throughout  a  series  of  cases  grouped 
according  to  the  interval  between  the  onset  of  the  infection  and  the  day  of 
death.  Tables  29  and  30  and  Charts  LII  and  LIII  have  been  prepared  to 
illustrate  this  relation. 

Table  29  comprises  an  analysis  of  the  autopsy  findings  in  536  cases  of  empy¬ 
ema  grouped  according  to  the  week  when  the  cases  were  terminated  after  the 
onset  of  the  infection.1  Six  pathological  conditions  have  been  included.  They 
are  bilateral  pneumonia,  bilateral  empyema,  pericarditis,  peritonitis,  mediastinal 
infections  and  cervical  infections.  It  is  apparent  from  this  table  that  the 
majority  of  the  fatalities  occur  within  the  first  week  and  that  the  complications 
in  these  cases  occur  most  commonly  in  the  order  mentioned.  Bilateral 
pneumonia,  occurring  in  86.7  per  cent  of  the  cases,  is  most  frequent.  Bilateral 
empyema  is  less  common,  since  it  occurs  in  44.3  per  cent.  The  other  complica¬ 
tions  are  found  in  34.0  per  cent,  14.2  per  cent,  12.7  per  cent,  and  2.3  per  cent, 
respectively.  A  similar  analysis  of  the  second,  third,  and  fourth  weeks  shows 
that  the  percentage  ratios  of  complications  are  practically  identical  throughout 
these  periods.  The  fifth  week  shows  considerable  variations  from  the  figures 
of  the  preceding  periods  but  the  number  of  autopsies  is  too  small  for  accurate 
conclusions. 


Table  29. a — Five  hundred  and  thirty-six  cases  of  empyema,  with  autopsy  showing  complications — 
Deaths  grouped  in  periods  of  one  week  after  the  onset  of  pneumonia. 


Period  of 
death. 

Total 

cases. 

Bilat¬ 

eral 

pneu¬ 

monia. 

Bilat¬ 

eral 

pneu¬ 

monia 

percent¬ 

age. 

Bilat¬ 

eral 

empy¬ 

ema. 

Bilat- 
era  1 
empy¬ 
ema 
percent¬ 
age. 

Peri¬ 

carditis. 

Peri¬ 

carditis 

percent¬ 

age. 

Peri¬ 

tonitis. 

Peri¬ 

tonitis 

percent¬ 

age. 

Medias¬ 

tinal 

infec¬ 

tion. 

Medias¬ 

tinal 

infec¬ 

tion 

percent¬ 

age. 

Cervi- 
calin- 
fection . 

Cervi¬ 
cal  in¬ 
fection 
percent¬ 
age. 

0-1  week. . 

332 

288 

86.7 

147 

44.3 

113 

34.0 

47 

14.2 

42 

12.7 

8 

2.3 

1-2  weeks. 

94 

71 

75.5 

38 

40.4 

33 

35. 1 

21 

22.3 

12 

12.  8 

1 

1.1 

2-3  weeks. 

70 

52 

74.3 

33 

47.1 

27 

38.6 

15 

21.4 

9 

12.9 

0 

0 

3-4  weeks. 

35 

21 

60.  0 

23 

65.  7 

18 

51.4 

7 

20.0 

4 

11.4 

0 

0 

531 

432 

81.4 

241 

45.4 

191 

36.  0 

90 

16.9 

67 

12.6 

9 

1.7 

4-5  weeks. 

5 

5 

100 

4 

80.  0 

1 

20.  0 

2 

40.0 

0 

0 

0 

0 

536 

437 

81.  5 

245 

45.7 

192 

35.8 

92 

17.  1 

67 

12.  5 

9 

1.7 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


Table  30. « — Three  hundred  and  thirty-nine  cases  of  streptococcus  empyema,  with  autopsy  showing 
complications — Deaths  grouped  in  periods  of  one  week  after  the  onset  of  pneumonia. 


Period  of 
death. 

Total 

cases. 

Bilat¬ 

eral 

pneu¬ 

monia. 

Bilat¬ 

eral 

pneu¬ 

monia 

percent¬ 

age. 

Bilat¬ 

eral 

empy¬ 

ema. 

Bilat¬ 

eral 

empy¬ 

ema 

percent¬ 

age. 

Peri¬ 

carditis. 

Peri¬ 

carditis 

percent¬ 

age. 

Peri¬ 

tonitis. 

Peri¬ 

tonitis 

percent¬ 

age. 

Medias- 
tina  1 
infec¬ 
tion. 

Medias¬ 

tinal 

infec¬ 

tion 

percent¬ 

age. 

Cervi- 
calin- 
fection . 

Cervi- 

calin- 

fection 

percent¬ 

age. 

0-1  week. . 

199 

161 

80.9 

88 

44.2 

79 

38.7 

36 

18. 1 

28 

14.1 

4 

2.0 

1-2  weeks. 

68 

52 

76.  5 

31 

45.6 

24 

35.3 

11 

16.1 

10 

14.  7 

1 

1.5 

2-3  weeks. 

45 

32 

71.1 

21 

46.7 

20 

44.4 

9 

20.  0 

6 

13.  3 

0 

0 

3-4  weeks. 

23 

13 

56.5 

15 

65.2 

13 

56.5 

6 

26. 1 

2 

8.7 

0 

0 

335 

258 

77.0 

155 

46.3 

136 

40.6 

62 

18.  5 

46 

13.7 

5 

1.5 

4-5  weeks. 

4 

4 

100 

3 

75.0 

1 

25.0 

2 

50.0 

0 

0 

0 

0 

339 

262 

77.3 

158 

46.3 

137 

40.4 

64 

18.9 

46 

13.6 

5 

1.5 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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The  cases  in  Table  29  include  empyema  irrespective  of  the  organism  caus¬ 
ing  the  infection.  Table  30  and  Chart  LIII  comprise  an  analysis  of  339  autop¬ 
sies  from  which  streptococci  were  recovered.1  The  same  relations  are  found 
between  the  six  pathological  entities  mentioned. 

Such  statistics  are  not  conclusive,  hut  suggest  that  infection  may  extend 
through  the  lymphatic  tissues  and  invade  the  mediastinum,  pericardium,  and 
peritoneum.  The  one  disturbing  factor  is  the  relatively  low  incidence  of  definite 
mediastinal  infection.  These  findings,  however,  are  not  based  on  microscopic 
evidence,  but  merely  on  the  gross  appearance  of  the  mediastinal  tissues,  so  it 
is  probable  that  in  many  of  the  instances  there  was  an  invasion  of  the  mediasti¬ 
num  which  had  not  yet  resulted  in  sufficient  reaction  to  be  discerned  microscop¬ 
ically. 

An  analysis  of  67  cases  with  definite  inflammatory  lesions  shows  that  strep¬ 
tococci  were  responsible  for  practically  all  of  the  infections.  Microscopic  study 
of  sections  through  the  lungs  and  mediastinum  of  these  cases  shows  strepto¬ 
cocci  in  the  lymphatics  and  lymph  nodes. 

Figures  5,  6,  and  7  are  pliotomicrographic  reproductions  of  sections  from 
the  fulminating  streptococcus  infections.  They  were  stained  by  the  MacCal- 
lum  method  at  the  Army  Medical  Museum  in  Washington.  They  illustrate 
the  extent  and  character  of  the  invasion  of  the  lymph  channels.  Unfortu¬ 
nately  the  blood  stream  was  infected  in  practically  all  these  cases,  so  the  pos¬ 
sibility  that  the  pericarditis  and  peritonitis,  which  were  found  post  mortem, 
were  not  secondary  to  the  bacteriemia  rather  than  to  the  infection  of  the 
mediastinal  tissues,  can  not  be  excluded.  In  one  instance  (Army  Medical 
Museum,  accession  No.  6152)  the  pericardium  and  both  pleurae  were  infected 
and  the  post-mortem  blood  cultures  were  negative.  The  mediastinum  was 
edematous;  the  lymph  glands  were  enlarged  and  showed  definite  infiltration; 
and  hemolytic  streptococci  were  obtained  from  the  intrathoracic  serous  cavi¬ 
ties.  Sections  of  the  lung,  mediastinum  and  pericardium,  prepared  from 
this  case,  have  been  photomicrographed  to  illustrate  the  lymphatic  route  of 
extension. 

A  consideration  of  these  data  brings  out  several  important  points.  First, 
fatal  cases  of  hemolytic  streptococcus  empyema  die  with  a  bilateral  pneumonia 
and  usually  with  extensive  infection  of  two  or  more  of  the  serous  cavities. 
Intrathoracic  complications  are  most  common.  The  percentage  relationship 
between  these  complications  found  at  autopsy  are  similar  throughout  the 
first  four  weeks  of  the  infection.  Second,  pericarditis  and  peritonitis  occur,  at 
times,  before  the  bloodstream  is  infected.  Third,  infection  of  the  pericardium 
may  occur  through  the  mediastinum.  Fourth,  it  seems  probable  that  the 
infection  extends  from  the  lung  to  the  mediastinum,  then  to  the  pericardium 
and  peritoneum  through  the  lymphatics,  and  that  the  bloodstream  is  invaded 
through  the  lymphatics  rather  than  by  direct  contamination  from  the  infected 
lung. 


PLATE  IV. 


LOBAR  PNEUMONIA  AND  BRONCHOPNEUMONIA  WITH  PERICARDITIS  AND  MEDIASTINAL 
INFECTION  DUE  TO  HEMOLYTIC  STREPTOCOCCI.  ACCESSION  NUMBER  6,152. 
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Fig.  5. — Streptococci  in  the  intrapulmonary  lymphatic  channels  in  interstitial  broncho¬ 
pneumonia.  Army  Medical  Museum,  accession  No.  3290.  Negative  33024. 


Fig.  6. — Section  of  mediastinal  lymph  gland.  Army  Medical  Museum,  accession  No. 

3300.  Negative  33030. 
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Fig.  7, — Hemolytic  streptococci  in  peribronchial  lymphatic  channels.  Army  Medical 

Museum,  accession  No.  3300.  Negative  33029. 


Fig.  8. — Streptococci  in  the  peribronchial  tissues.  Cellular  infiltration  and  the  Presence  of  fibiin 
are  evidence  of  acute  inflammation.  Army  Medical  Museum,  accession  No.  6152.  Slide  3a. 
Photographed  at  the  Rockefeller  Institute  for  Medical  Research. 
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Fig.  9. — Section  through  mediastinal  pericardium  showing  streptococci  beneath  the  endothelial  layer. 

Army  Medical  Museum,  accession  No.  6152.  Negative  33027. 


Fig.  10. — Streptococci  beneath  the  endothelium  in  the  subpericardial  tissues  of  the  mediastinum. 
Army  Medical  Museum,  accession  No.  6152.  Photographed  at  the  Rockefeller  Institute  for  Medical 
Research. 
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Fig.  11. — Streptococci  in  adipose  tissue,  hilus  of  the  left  lung-.  Array  Medical  Museum,  accession 
No.  6152.  Photographed  at  the  Rockefeller  Institute  for  Medical  Research. 


Fig.  12. — Streptococci  in  serofibrinous  exudate  in  fat  and  areolar  tissue  of  the  mediastinum.  Army 
Medical  Museum,  accession  No.  6152.  Photographed  at  the  Rockefeller  Institute  for  Medical 
Research. 
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Fig.  13. — Streptococci  in  the  adipose  and  areolar  tissue  of  the  mediastinum.  Army  Medical  Museum, 
accession  No.  6152.  Photographed  at  the  Rockefeller  Institute  for  Medical  Research. 


Fig.  14. — Early  stage  of  pleuritis.  Streptococci  in  the  serous  exudate  beneath  the  endothelial  layer. 

Army  Medical  Museum,  negative  32446. 
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THE  EFFECT  OF  THE  TYPE  OF  PNEUMONIA  ON  THE  EMPYEMA. 

Quite  aside  from  the  possibility  of  such  wide  distribution  of  the  infection 
to  the  serous  cavities  just  referred  to,  the  interstitial  route  of  extension  favors 
marked  diversity  in  the  localization  of  the  empyema.  Frequently,  there  were 
two  or  more  empyema  pockets  on  the  same  side  of  the  chest.  Sometimes  the 
cavities  were  superficial,  one  wall  being  formed  by  the  costal  pleura;  again, 
pockets  were  found  between  two  lobes  which  were  otherwise  adherent ;  while  in 
other  cases  pockets  were  discovered  between  the  lung  and  the  mediastinal 
pleura,  either  posterior,  near  the  spinal  column,  or  anterior,  beneath  the  sternum 
or  costal  cartilages. 

This  varied  localization  of  the  pleural  infection  leads  directly  to  an  inquiry 
concerning  the  forms  of  pneumonia  with  which  empyema  was  most  frequently 
associated.  This  may  well  be  the  first  detail  considered. 

Of  particular  value  are  the  studies  of  pneumonia  in  Army  camps  made  by 
MacCallum,2  and  by  Opie  and  his  associates.3  It  appears  from  these  studies 
that  in  addition  to  typical  lobar  pneumonia,  characterized  by  red  and  gray 
hepatization,  and  associated  with  a  pneumococcus  infection,  there  were  num¬ 
erous  cases  of  pneumonia  in  which  the  lesions  were  scattered  throughout  one 
or  both  lungs.  These  lesions  were  distributed  along  the  bronchial  tree  and  for 
this  reason  constituted  a  bronchopneumonia.  These  pneumonias  were  almost 
invariably  associated  with  hemolytic  streptococcus.  The  lesions  themselves 
were  not,  however,  invariably  the  same.  They  fall  into  two  main  groups: 
1.  Interstitial  bronchopneumonia.  2.  Lobular  pneumonia. 

ACUTE  (SUPPURATIVE)  INTERSTITIAL  BRONCHOPNEUMONIA. 

Here  the  interstitial  tissues  of  the  lungs  were  greatly  involved  in  the  infec¬ 
tion  and  the  lymphatic  spaces  offered  channels  for  the  dissemination  of  the 
bacteria.  Empyema  was  an  extremely  frequent  complication  of  this  form  of 
pneumonia. 

Within  the  lung  the  most  striking  lesions  were  in  and  about  the  bronchioles. 
The  walls  of  the  bronchi  themselves  were  densely  infiltrated  with  mononuclear 
cells  and  markedly  thickened.  Extreme  hyperemia  and  the  formation  of  blood 
vessels  and  of  connective  tissue  added  greatly  to  this  thickening  and  to  the 
deformity  of  the  wall.  In  some  cases  the  whole  lining  was  necrotic  and  coagu¬ 
lated  and  constituted  a  diphtheritic  membrane.4 

This  destruction  of  the  bronchial  wall  at  times  extends  to  and  includes  the 
muscular  coat,  leading  to  such  a  marked  weakening  of  the  structures  that  they 
give  way  under  the  sudden  pressures  to  which  they  are  exposed.  Clefts  in 
the  walls  may  result,  leading  to  acute  bronchiectasis.  The  productive  inter¬ 
stitial  inflammation  which  follows  may  restore  again  the  normal  lumen,  or  may 
simply  lead  to  a  thickening  of  the  dilated  bronchial  wall  and  a  persistent  chronic 
bronchiectasis.5  In  other  cases  where  the  destruction  of  tissues  has  been  less 
deep,  the  productive  processes  may  predominate  and  a  narrowing  of  the  bron¬ 
chial  lumen  be  the  ultimate  result.  When  secretions,  often  tenacious  in  charac¬ 
ter,  block  this  narrowed  bronchus  or  bronchiole  the  corresponding  portion  of 
the  lung  may  become  atelectatic. 

The  adjacent  alveoli  show  infiltration  of  the  walls  and  are  filled  with  blood, 
dense  fibrin,  and  desquamated  epithelial  cells.  These  changes  are  less  marked 
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in  alveoli  further  removed  from  the  main  focus  of  infection  in  the  bronchus, 
the  cellular  elements  are  here  less  abundant  and  lie  in  a  thick,  viscid  fluid.  To 
quote  MacCallum:6 

Streptococci  may  be  found  in  tangled  masses  in  the  lumen  of  each  bronchus  or  bronchiole 
mingled  with  the  leucocytes  of  the  exudate,  but  in  most  instances  they  are  found  in  appreciable 
numbers  in  the  substance  of  the  tissue  or  in  the  alveolar  contents. 

The  lymphatics  which  run  from  the  pleural  network  by  way  of  the  interlobular  septa,  bronchial 
walls,  and  blood  vessel  walls  to  the  nodes  at  the  hilum  of  the  lung  quickly  become  a  channel  for  the 
transport  of  these  bacteria.  Great  numbers  of  them  are  found  in  these  canals  and  in  the  sinuses  of 
the  lymph  nodes  at  the  hilum  where  they  appear  to  be  halted.  They  cause  thrombosis  of  the 
lymph  channels  which  become  distended  to  an  enormous  size  and  appear  to  the  unaided  eye  as 
most  conspicuous  beaded  white  strands  on  the  cut  surface  of  the  lung  extending  to  connect  with 
the  pleural  network  which  may  be  in  places  similarly  injected  and  distended  with  a  white  infected 
semipurulent  thrombus.  These  lymphatics  are  often  2  to  3  mm.  in  diameter,  which  is  not  espe¬ 
cially  greater  than  the  diameter  of  the  normal  channels,  but  they  become  conspicuous  in  a  way 
seldom  observed  because  of  their  yellowish  white  contents.  Sometimes  they  might  almost  be 
confused  with  the  obstructed  bronchi. 

It  is  thought  that  bacteria  extend  by  growth  along  these  obstructed  channels  in  both  directions 
and  thus  passing  from  the  lung  to  the  pleura  (in  a  direction  opposed  to  that  of  the  current  in  unob¬ 
structed  lymphatics)  infect  the  walls  of  the  pleural  cavity  and  set  up  the  intense  inflammation 
with  the  outpouring  of  fluid  exudate.  The  pleura  itself  and  all  the  interlobular  septa  become 
edematous  and  permeated  by  a  serofibrinous  exudate  with  [microorganisms  and]  wandering  cells. 

From  the  beginning  of  the  infection  of  the  pleura  the  effusion  of  fluid  exudate  becomes  a 
dominant  feature  of  the  whole  process  both  in  the  clinical  signs  and  the  anatomical  changes.  It 
takes  place  with  extraordinary  rapidity  and  compresses  the  lung  to  such  a  degree  as  to  complete 
the  atelectasis. 

LOBULAR  PNEUMONIA. 

This  type  of  bronchopneumonia  was  also  almost  invariably  associated 
with  hemolytic  streptococcus,  but  the  bronchial  and  peribronchial  lesions  were 
absent.  The  streptococci  invaded  the  alveoli,  which  became  filled  with  blood, 
leucocytes  and  enormous  numbers  of  these  bacteria,  giving  rise  to  patches  of 
consolidation,  followed  frequently  by  necrosis  and  peripheral  hemorrhage. 

This  variety  of  pneumonia  was  prone  to  occasion  multiple  abscesses, 
lying  mostly  near  the  periphery  of  the  lung,  and  extending  to  the  pleural 
surface.  A  rupture  of  such  an  abscess  into  the  pleural  cavity,  or  an  extension 
of  the  necrosis  so  as  to  involve  the  structures  of  the  pleura,  would  inevitably 
lead  to  empyema,  and  the  coincident  communication  of  the  abscess  with  a 
patent  bronchus  would  establish  the  pleurobroncliial  fistulse  which  not  infre¬ 
quently  complicated  the  treatment.  In  the  less  fulminating  cases  this  mode  of 
pleural  infection  was  very  common,  at  least  in  many  of  the  camps,  and  pleuro- 
broncliial  fistulse  were  doubtless  of  much  more  frequent  occurrence  than  the 
records  show.  There  appears  to  be  a  pronounced  tendency  for  such  lesions  to 
heal  and  for  the  communication  between  the  lung  and  pleura  to  close  spon¬ 
taneously  after  the  empyema  cavity  has  been  evacuated.  In  most  cases  these 
openings  are  not  large  enough  to  permit  escape  of  pus  from  the  pleura  into  the 
lung  and  subsequent  discharge  by  expectoration.  The  thick  fibrinous  deposit, 
usually  present,  suffices  in  most  instances  to  prevent  this  occurrence. 

MIXED  TYPES  OF  PNEUMONIA. 

Since  the  two  varieties  of  bronchopneumonia  just  described  are  asso¬ 
ciated  with  hemolytic  streptococcus  disseminated  through  the  air  passages, 
it  is  not  surprising  that  in  many  cases  the  lesions  within  the  lung  should  present 
features  characteristic  of  both  the  alveolar  and  interstitial  routes  of  extension. 
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Furthermore,  a  mixed  infection  with  pneumococcus  and  streptococcus  may 
lead  to  a  complex  superposition  or  juxtaposition  of  lobar  and  bronchopneu¬ 
monia.  In  such  cases  of  mixed  infection  the  pleural  effusions  and  other 
associated  infections  are  most  frequently  attributable  to  the  streptococcus. 

It  is  evident  from  these  descriptions  of  pneumonia  in  the  Army  that  the 
hemolytic  streptococcus  has  been  the  cause  of  many  of  the  peculiar  characters 
presented  by  this  disease  among  the  troops.  This  organism  appears  in  many, 
perhaps  most,  instances  to  have  been  a  secondary  invader.  In  the  early  period 
of  high  incidence  many  cases  of  empyema  were  preceded  by  measles,  but  this 
was  by  no  means  invariably  the  case.  In  the  later  period,  influenza  doubtless 
predisposed  to  a  secondary  invasion  with  streptococci.  The  data  published  by 
Opie  and  his  associates 3  indicate  that  in  the  postinfluenzal  pneumonias, 
pneumococci  were  relatively  more  frequently  encountered  than  in  the  winter 
of  1917  and  1918,  though  infection  with  hemolytic  streptococcus  was  also 
common.  The  pneumococci  in  the  lobar  pneumonias,  however,  were  of  types 
commonly  found  in  throats  of  healthy  people  (50  per  cent  Types  III  and  IV). 
It  would  appear  that  at  both  periods  fortuitous  circumstances  favored  the 
invasion  of  the  lungs  by  organisms  already  in  the  upper  air  passages.  In 
some  cases  the  condition  favoring  this  invasion  appears  to  have  been  dependent 
on  some  antecedent  disease,  notably  measles  or  influenza.  In  other  cases 
there  is  no  record  of  events  to  which  a  lowered  resistance  favoring  extension 
of  upper  respiratory  infections  can  be  attributed. 

The  foregoing  descriptions  of  pneumonia  are  in  complete  harmony  with 
the  epidemiological  studies  of  empyema  presented  in  Chapter  II.  They  also 
indicate  that  both  of  the  first  two  routes  of  extension  actually  occurred, 
namely,  that  by  an  intermediate  alveolar  infection  and  that  through  lymphatic 
channels. 

It  has  been  suggested  by  MacCallum  7  that  differences  in  tissue  resistance 
may  play  an  important  part  in  determining  the  character  of  the  lesions  in  the 
lung  produced  by  the  hemolytic  streptococcus;  the  interstitial  pneumonias 
with  rapid  inflammatory  reactions  of  a  productive  kind  being  evidence  of 
greater  resistance  than  the  lobular  pneumonias  in  which  necrotic  changes 
prevail. 

With  reference  to  the  third  route  of  dissemination — that  is,  through  the 
blood-stream — the  studies  show  that  hemolytic  streptococci  were  rarely  found 
in  the  blood  except  immediately  before  death.0  This  is  in  sharp  contrast  to 
the  results  of  blood  cultures  in  cases  of  pneumococcus  infection.  Where  it 
was  known  that  both  streptococcus  and  pneumococcus  were  present  in  the 
lungs  or  pleural  cavity,  the  pneumococcus  was  frequently  found  in  blood 
cultures  while  the  streptococcus  was  absent.  In  these  cases  of  mixed  infection 
the  streptococcus  tended  to  persist  in  the  lungs  and  pleura  after  the  pneumo¬ 
coccus  had  disappeared.  This  circumstance  justifies  the  precedence  given 
to  streptococcus  in  the  epidemiological  study,  where  these  cases  of  mixed 
infection  were  placed  in  the  streptococcus  group. 

From  the  studies  of  pneumonia  cited  above  light  is  thrown  not  merely 
on  the  routes  by  which  infection  reaches  the  pleura,  but  also  on  the  varying 

a  “  We  have  made  in  all  about  100  blood  cultures  from  the  circulating  blood  taken  from  the  arm  vein  at  various  times 
before  death  with  the  usual  technique  of  adding  the  blood  to  sterile  broth,  etc.,  but  none  of  these  cultures  gave  a  positive 
result  except  when  they  were  taken  just  before  death.”  8 
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distribution  of  the  pleural  infection.  In  a  typical  lobar  pneumonia  the  pleural 
infection  is  prone  to  be  confined  to  the  area  of  consolidation  and  appears  to 
start  as  a  dry  pleurisy,  with  hyperemia  and  a  fibrinous  exuda  te  tending  to 
agglutinate  the  pleural  surfaces  and  to  restrict  the  pleural  abscess  subsequently 
formed  to  a  single  empyemic  cavity.  In  uncomplicated  cases  the  infection 
is  purely  pneumococcal  and  the  organism  may  die,  leaving  a  sterile  pus.  The 
treatment  in  such  cases  is  simple  and  the  prognosis  good. 

Conditions  are  very  different  when  the  infection  of  the  pleura  follows 
streptococcal  pneumonia  of  either  the  interstitial  or  lobular  types  or  a  combi¬ 
nation  of  the  two.  The  pleural  infection  may  then  be  massive  at  the  start  and 
may  lead  to  abundant  serous  effusion  before  fibrinous  agglutinations  are  possible. 
This  leads  to  large  empyemic  cavities,  in  some  instances  including  the  greater 
part  of  the  pleural  cavity.  Since  these  forms  of  pneumonia  frequently  involve 
both  lungs,  bilateral  empyema  is  relatively  common  and  almost  invariably 
fatal  when  both  sides  are  infected  simultaneously. 

A  large  part  of  the  visceral  pleura  covers  those  portions  of  the  lungs 
which  bound  the  interlobar  clefts.  When  infected,  these  portions  of  the  pleura 
give  rise  to  interlobar  empyemata,  which  may  be  confined  between  the  lobes 
by  agglutinations  or  may  communicate  more  or  less  freely  with  the  rest  of  the 
pleural  cavity.  Confined  interlobar  empyemata  offer  greater  difficulty  to  the 
diagnostician  than  do  those  which  have  the  costal  wall  for  one  of  their  boundaries 
and  are  less  accessible  to  surgical  evacuation  and  to  postoperative  treatment. 
Even  when  the  clefts  are  freely  open,  drainage  and  irrigation  are  rendered 
difficult. 

Extensive  thickening  of  the  pleura  bounding  the  interlobar  clefts  mili¬ 
tates  against  expansion  of  the  lung  to  meet  the  costal  walls  along  these  planes, 
and  contact  between  the  visceral  and  parietal  pleurae  tends  to  be  more  imper¬ 
fect  along  the  lines  of  these  clefts  than  in  other  parts  of  the  cavity.  Contrac¬ 
tion  of  cicatricial  tissue  formed  between  the  pulmonary  lobes  would  draw  the 
lung  away  from  the  costal  wall.  It  is  probable  that  a  number  of  long,  narrow, 
and  persistent  superficial  sinuses  that  have  proven  refractory  to  treatment 
owe  their  origin  to  interlobar  bands  of  cicatricial  tissue  which  have  held  their 
walls  apart  at  a  time  when  an  approximation  would  have  been  followed  by 
obliteration  through  a  union  of  granulations  lining  the  lumen. 

If  an  interlobar  abscess,  or  a  subpleural  abscess  within  the  lung,  should 
rupture  into  the  general  pleural  cavity  a  massive  infection  of  the  pleura  would 
result,  leading  to  the  rapid  development  of  a  large  exudate. 

The  infection  of  the  pleura  need  not  be  of  this  massive  character.  Fibrin¬ 
ous  agglutinations  may  confine  the  pus  to  certain  localized  areas,  forming 
smaller  empyema  pockets.  These  may  be  coincidently  or  successively  formed 
in  various  parts  of  the  pleura,  giving  rise  to  the  multiple  pockets  so  frequently 
found  at  autopsy. 

There  is,  however,  another  way  in  which  multiple  pockets  may  be  formed. 
The  prominence  of  productive  inflammatory  processes  in  the  streptococcus 
infections  of  the  bronchi  and  peribronchial  tissues  has  already  been  referred 
to.  A  similar  new  formation  of  connective  tissue  takes  place  beneath  the 
fibrinous  deposit  upon  the  pleural  surfaces.  If  these  pleural  surfaces  then 
come  in  contact  for  a  sufficient  period,  the  granulations  on  the  two  surfaces  may 
45267°— 24 - 11 
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blend  and  give  rise  to  permanent  adhesions.  This  coalescence  of  the  granula¬ 
tions  upon  opposed  pleural  surfaces  is  the  natural  way  in  which  empyemic 
cavities  become  obliterated  with  permanent  healing.  This  may  lead  also  to 
the  formation  of  separate  pockets  or  to  irregularly  shaped  cavities. 

There  is  one  circumstance  possibly  affecting  the  formation  of  multiple 
pockets  to  which  reference  has  not  been  made.  The  changes  in  the  bronchial 
and  peribronchial  tissues  which  are  so  prominent  in  the  bronchopneumonia  of 
interstitial  type,  often  lead  to  a  narrowing  or  partial  stenosis  of  the  bronchus, 
so  that  the  accumulation  of  secretions  blocks  the  passage  of  air.  This  is  fre¬ 
quently  followed  by  atelectasis  of  the  corresponding  portion  of  the  lung,  and 
insufflation  of  such  a  lung  leaves  these  portions  unexpanded.  When  the  fluid 
is  withdrawn  these  scattered  areas  of  atelectasis  prevent  uniform  expansion  of 
the  lung  and  a  perfect  apposition  of  the  pleural  surfaces,  resulting  in  undrained 
pockets. 

In  contrast  with  the  pneumococcus,  the  hemolytic  streptococcus  appears 
to  call  forth  little  if  any  active  immunity.  The  bacteria  may  persist  in  an  em¬ 
pyema  cavity  for  many  months,  may  infect  the  periosteum  after  rib  resection, 
and,  at  times,  they  appear  capable  of  lying  dormant  for  a  long  period  without 
exciting  acute  inflammation.  These  characteristics  of  streptococcus  infections 
lead  to  chronicity  and  recrudescences  after  long  intervals. 

Experiments  by  Blake  and  Cecil 9  at  the  Army  Medical  School  upon  the 
production  of  pneumonia  by  intratracheal  inoculation  of  minute  quantities  of 
virulent  pneumococci  showed  very  conclusively  that  the  infection  was  dissem¬ 
inated  through  the  interstitial  tissues  and  that  the  pleura  might  be  infected 
before  marked  consolidation  of  the  lung  took  place.  They  also  observed  peri¬ 
carditis  and  occasionally  peritonitis  as  complicating  infections,  and  in  one  or 
two  instances  noted  an  acute  infection  of  the  mediastinal  tissues. 

Since  larger  numbers  of  bacteria  were  required  to  produce  infection  in  the 
monkey,  infection  with  the  hemolytic  streptococcus  appears  to  have  been  pro¬ 
duced  with  more  difficulty  than  infection  with  the  pneumococcus.  The  lesions 
which  were  produced,  however,  were  similar  in  character  and  distribution  to 
those  observed  and  described  by  MacCallum. 

The  special  empyema  records  offer  examples  of  most,  if  not  all,  of  the  con¬ 
ditions  in  the  pleura  and  viscera  which  might  be  expected  from  the  pathology 
of  the  different  forms  of  pneumonia.  There  are  few  cases  so  completely  de¬ 
scribed  that  it  is  possible  to  trace  the  course  of  events,  step  by  step,  from  the 
first  inception  of  disease  to  its  termination.  It  would  be  impossible  to  give 
a  detailed  history  of  cases  illustrating  all  of  the  numerous  possibilities.  These 
records,  nevertheless,  contain  much  information  of  value  in  the  clinical  care  of 
empyema  and  call  attention  to  the  need  of  studying  each  case  with  respect 
to  its  individual  peculiarities. 

SERIOUS  INFECTIONS  COMPLICATING  EMPYEMA. 

From  a  clinical  point  of  view  the  occurrence  of  serious  infections  compli¬ 
cating  empyema  is  of  importance.  The  development  of  pneumonia  or  of 
pleurisy  on  the  opposite  side,  of  pericarditis  or  of  peritonitis  not  only  affects  the 
prognosis,  but  influences  the  judgment  in  regard  to  the  treatment.  In  many 
of  the  fatal  cases  embodied  in  the  special  empyema  records  1  autopsy  has 
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revealed  the  presence  of  more  than  one  of  these  concomitant  infections.  The 
records  from  Camp  Dodge  are  numerous  and  particularly  instructive  in  this 
respect.  Charts  LIV,  LV,  and  LVI,  have  been  prepared  to  set  forth  the  rela¬ 
tionships  revealed  by  this  single  series  of  autopsies.  The  cases  are  represented 
in  the  central  column  by  squares,  six  in  each  horizontal  row  representing  a 
single  case.  The  rows  are  arranged  one  beneath  the  other  in  chronological  order 

45  CASES  OF  EMPYEMA!  DIED  FIRST  THREE  mfS 


PULMONARY 

HEMORRHA® 


PULMONARY 

GANGRENE, 


PULMONARY 

ABSCESS 


BILATERAL 

EMPYEMA 


BILATERAL 

PNEUMONIA. 


PERICARDITIS 


MEDIASTINAL 

ABSCESS 


PLEURITIS 
OPP.  SIDE 

ENDOCARDITIS 


OTITIS 

MEDIA 


ERYSIPELAS 


(c  ARTHRITIS 


ABSCESS 


'<  PERITONITIS 


TQN5ILUT1S 


PHARYNGITIS 


c  LARYNGITIS 


1-AFTER  MEASLES;  2-AFTER  INELUENZA; Q -AFTER  OTHER  INFECTIONS 
4-PNEUMOCOCCUS  IK  FLUID;  5  STREPTOCOCCUS  IN  FLUID;  6- OPERATED 

Chart  LIV. 

in  respect  to  the  day  of  death  after  admission  to  the  hospital.  The  superim¬ 
posed  squares  form  six  columns  indicating  the  preceding  disease,  the  organism 
found  in  the  pleural  fluid,  and  whether  or  not  a  thoracotomy  or  costectomy 
had  been  done.  To  the  left  of  this  central  column  10  serious  intrathoracic 
conditions  are  represented  and,  to  the  right,  eight  of  the  more  important  extra- 
thoracic  conditions.  From  the  central  column,  lines  from  the  row  of  squares 
representing  a  given  case  connect  it  with  the  respective  intra-  or  extrathoracic 
conditions  found  at  autopsy  in  that  particular  case. 
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A  mere  glance  at  these  diagrams  suffices  to  show  that  very  few  cases  of 
empyema  at  Camp  Dodge  died  without  one  or  more  complicating  conditions 
of  a  serious  nature  and  that  of  these  bilateral  empyema  or  pneumonia,  peri¬ 
carditis  and  peritonitis  were  the  most  frequent.  These  complications  are 
found  irrespective  of  the  lapse  of  time  between  admission  to  the  hospital  and 
death. 


55  CASES  OE  EMPYEMA :  DIED  4TH.  TO  14TH.  DAY 

35 


PULMONARY 

HEMORRHAGE 


PULMONARY 

GANGRENE. 


PULMONARY 

ABSCESS 


BILATERAL 

EMPYEMA 


PERICARDITIS 


MEDIASTINAL 

ABSCESS 


PLEUR1TLS 
OPP  SIDE 


ENDOCARDITIS 


PULMONARY 
EMBOLISM 


OTITIS 

MEDIA 


ERYSIPELAS 


ARTHRITIS 


ABSCESS 


PERITONITIS 


TONSILLITIS 


PHARYNGITIS 


LARYNGITIS 


1 -AFTER  MEASLES;  2 AFTER  INFLUENZA;  3 -AFTER  OTHHL  UTOT™ 
4  PNEUMOCOCCUS  IN  FLUID;  5-STREPTOCOCCUS  IN  FLUID,  6-OPERATED 


Chart  LV. 


That  the  conditions  favoring  the  development  of  the  most  important 
complicating  localizations  of  infection  shown  in  these  diagrams  were  not  con¬ 
fined  to  Camp  Dodge  is  shown  by  the  following  tabulation  of  603  autopsies. 
In  this  tabulation  the  cases  are  grouped  according  to  the  time  of  death  after 
the  recognition  of  pneumonia  and  not,  as  in  the  preceding  diagrams,  after  ad¬ 
mission  to  the  hospital.  This  furnished  a  more  uniform  grouping,  since  some 
of  the  cases  were  admitted  for  diseases  having  no  direct  bearing  on  the  develop¬ 
ment  of  empyema.  The  cases  at  Camp  Dodge  are  included  m  this  series. 
It  is  obvious  from  the  figures  that  many  of  these  cases  must  have  presented 
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more  than  one  such  complicating  localization  of  the  infection,  but  it  has  not 
appeared  necessary  to  trace  these  coincidences  further  than  was  done  in  pre¬ 
paring  the  diagrams  for  Camp  Dodge. 

49  CASES  OF  EMPYEMA .  DIED  15TH.  TO  114TH.  DAY 


PULMONARY 

HEMORRHAGE 


PULMONARY 

GANGRENE 


PULMONARY 

ABSCESS 


BILATERAL 

EMPYEMA 


BILATERAL 

PNEUMONIA 


PLEURTTLS 
OPP  SIDE 

ENDOCARDITIS 

PULMONARf 
EMBOLISM 


OTITIS 

MEDIA 


ERYSIPELAS 


ARTHRITIS 


ABSCESS 


PERTTCNITLS 


TCNSILIinS 


PHARYNGITIS 


1 -AFTER  MEASLES;  2 -AFTER  INFLUENZA; 3 -AFTER  OTHER  INFECTIONS 
4  PNEUMOCOCCUS  IN  FLUID:  5-STOEPTOCOCCUS  IN  FLUID;  6-OPERATED 

Chart  LVI. 

Table  31.® — Chief  complications  of  empyema  found  at  autopsy  in  the  United  States  Army  camps 

during  1917-18. 


Death  after 
pneumonia. 

Bilateral 

empy¬ 

ema. 

Bilateral 
empy¬ 
ema  per¬ 
centage. 

Bilateral 

pneu¬ 

monia. 

Bilateral 

pneu¬ 

monia 

percent¬ 

age. 

Pericar¬ 

ditis. 

Pericar¬ 
ditis  per¬ 
centage. 

Periton¬ 

itis. 

Periton¬ 
itis  per¬ 
centage. 

Medi¬ 

astinal 

abscess. 

Medi¬ 

astinal 

abscess 

per¬ 

centage. 

Total 
number 
of  au¬ 
topsies. 

0  days . 

3 

43 

5 

71 

0 

0 

2 

3 

0 

0 

7 

1-4  days . 

21 

31 

36 

53 

23 

34 

15 

22 

1 

1.47 

68 

4-7  days . 

22 

33 

36 

55 

22 

33 

12 

18 

4 

6.06 

66 

7-14  days . 

50 

38 

93 

71 

54 

41 

22 

17 

5 

3.82 

131 

14-21  days . 

39 

44 

64 

72 

32 

36 

20 

22 

4 

4. 49 

8S 

21-28  days . 

28 

55 

38 

75 

24 

47 

12 

24 

3 

5.90 

51 

28-35  days . 

34 

56 

33 

54 

41 

67 

11 

18 

2 

3.  28 

61 

35-42-days . 

13 

41 

20 

63 

23 

72 

6 

19 

2 

6.  25 

3S 

42+days . 

43 

44 

36 

37 

44 

45 

26 

26 

3 

3.06 

98 

Total . 

253 

42 

361 

60 

263 

44 

126 

21 

24 

4 

60c 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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The  significance  of  the  figures  in  this  table  is  made  more  evident  when 
they  are  plotted.  Chart  LVII,  in  which  the  curves  represent  the  percentages 
of  bilateral  pneumonia,  bilateral  empyema,  pericarditis  and  peritonitis,  shows 
that  in  fatal  cases  each  of  these  conditions  is  found  in  a  considerable  proportion 
of  the  total;  that  the  possibilities  of  bilateral  pneumonia  at  autopsy  are  highest 
up  to  the  conclusion  of  the  fourth  week  and  are  never  absent;  that  empyema 
on  the  opposite  side  is  at  a  maximum  toward  the  sixth  week  after  the  primary 
pneumonia;  that  pericarditis,  which  is  usually  fatal  shortly  after  its  occurrence, 
is  a  complication  that  may  occur  in  a  large  percentage  of  the  fatal  cases  at  any 
time  soon  after  the  development  of  pneumonia,  but  more  frequently  between 


Chart  LVII. — Chief  complications  of  empyema  found  at  autopsy.  Charted  according  to  intervals  after  the  onset  of  the 

infection. 

the  5th  and  7th  week,  and  that  peritonitis  claims  a  fairly  uniform  number 
of  victims  at  all  times.  The  curve  of  mediastinal  abscess  includes  only 
cases  in  which  suppuration  in  the  mediastinum  was  definitely  described.  There 
are  instances  in  which  edema  of  the  mediastinal  tissues  was  noted  at  autopsy 
and  at  least  one  in  which  cultures  from  this  serous  fluid  contained  hemolytic 
streptococci.  In  this  case  there  was  bilateral  empyema,  but  neither  peri¬ 
carditis  nor  peritonitis. 

The  clinical  significance  of  these  complications  is  evident.  For  several 
weeks  after  the  onset  of  a  pneumonia  with  unilateral  empyema  the  possi¬ 
bility  that  one  or  more  of  these  complications  may  take  place  should  be  borne 
in  mind.  This  affects  not  only  the  prognosis  but  the  opinion  of  the  surgeon 
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as  to  the  appropriate  measures  to  be  adopted  in  treatment.  It  is  to  be  noted 
that  about  four-fifths  of  the  fatal  cases  in  which  bacterial  data  are  available 
were  associated  with  a  streptococcus  and  that  among  these  the  hemolytic 
streptococcus  predominated.  It  appears,  then,  that  caution  in  treatment  and 
prognosis  is  particularly  important  in  cases  of  streptococcal  infection.  This 
is  a  necessary  corollary  of  the  pathology  of  the  pneumonias  due  to  this  organism. 
Cases  of  pneumococcus  infection  are  not  without  similar  dangers  though  of 
minor  degree. 

An  inquiry  concerning  the  microorganisms  associated  with  these  cases 
results  in  the  figures  given  in  Table  32.  All  the  cases  in  which  the  streptococcus 
was  found,  whether  alone  or  associated  with  the  pneumococcus,  are  grouped 
in  one  class,  those  in  which  a  pneumococcus  alone  occurred  in  a  second  class, 
and  the  staphylococcus  in  a  third,  the  total  of  these  three  classes  being  the  posi¬ 
tive  findings.  The  percentages  of  each  class  corresponds  very  closely  to  the 
results  obtained  from  a  similar  analysis  of  the  bacteriological  results  in  pleural 
exudates,  as  shown  in  Table  4  (vide  Chapter  II,  p.  55).  A  single  case  of  tuber¬ 
culous  pleurisy  has  been  omitted  from  the  table. 


Table  32. « — ■ Three  chief  groups  of  organisms  in  450  fatal  cases  of  empyema. 


Death  after  pneumonia. 

Strepto¬ 

coccus- 

group. 

Strepto¬ 

coccus 

percent¬ 

age. 

Pneumo¬ 

coccus 

group. 

Pneumo¬ 

coccus 

percent¬ 

age. 

Staphy¬ 

lococcus 

group. 

Staphy¬ 

lococcus 

percent¬ 

age. 

Total 

cases. 

0  days . 

3 

60 

2 

40 

0 

0 

5 

1-4  days . 

56 

98 

0 

0 

1 

2 

57 

4-7  days . 

40 

74 

14 

26 

0 

0 

54 

7-14  days . 

84 

82 

13 

13 

4 

4 

101 

14-21  days . 

53 

84 

9 

14 

0 

0 

62 

21-28  days . 

27 

77 

6 

17 

2 

6 

35 

28-35  days . 

34 

77 

10 

23 

0 

0 

44 

35-42  days . 

16 

69 

6 

26 

1 

5 

23 

42+ days . 

50 

72 

16 

23 

3 

5 

69 

Total . 

363 

81 

76 

17 

11 

2 

450 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the'Surgeon  General. 


In  the  early  stages  of  exudation  the  pleural  fluid  in  streptococcus  empyema  is 
serous,  straw  colored,  tawny,  or  pinkish  from  admixture  with  blood  pigment,  and 
often  slightly  fluorescent,  appearing  brownish  by  transmitted  light  and  yellow- 
isli-green  by  reflected  light.  Occasionally  it  appears  quite  clear  but  is  usually 
somewhat  cloudy  owing  to  enormous  numbers  of  microorganisms.  These  may 
be  so  numerous  that  a  plate  culture  made  from  a  single  loopful  contains  half 
a  million  or  more  colonies,  visible  only  under  the  microscope.  A  spontaneous 
coagulation  of  these  serous  fluids  after  their  withdrawal  has  occasionally  been 
observed. 

The  amount  of  serous  exudate  formed  within  a  few  hours  may  be  very  large. 
Many  cases  are  on  record  in  which  the  first  aspiration  yielded  two  or  more 
liters,  and  as  much  as  4  or  even  6  liters  have  been  noted  as  obtained  at  a 
single  aspiration.  Measurements  of  fluid  withdrawn  at  daily  intervals  show 
that  the  accumulation  may  frequently  reach  a  liter  a  day. 

The  serous  character  of  the  exudate  is  maintained  for  only  a  short  time: 
within  from  one  to  three  days  fibrin  and  leucocytes  appear  in  such  quantity 
that  on  standing  a  sediment  is  formed  amounting  to  from  one-tenth  to  one- 
fifth  of  the  total  volume.  The  supernatent  fluid  is  yellow,  brownish,  or  light 
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pink  in  color.  At  this  time  the  pleural  surfaces  are  covered  with  a  deposit 
of  fibrin,  often  of  some  thickness  and  sometimes  interfering  with  aspiration. 
The  fibrin  soon  becomes  abundantly  infiltrated  with  leucocytes  and  the  fluid 
progressively  more  charged  with  these  cells,  becoming  seropurulent  and  then 
purulent,  until  finally  only  a  thin  layer  of  clear  serum  appears  at  the  top  after 
the  fluid  has  stood  for  many  hours. 

This  description  is  based  upon  cases  in  which  the  empyema  is  due  to  the 
hemolytic  streptococcus.  Smears  of  the  fluid,  however,  rarely  reveal  this 
organism  in  chains  of  any  considerable  length.  Usually  they  appear  as  diplo- 
cocci  with  the  adjacent  surfaces  slightly  flattened.  From  two  to  six  of  these 
may  lie  in  a  row  forming  very  short  streptococcal  chains,  but  in  view  of  the 
great  number  of  isolated  diplococci  it  is  often  difficult  for  the  observer  to  con¬ 
vince  himself  that  this  arrangement  may  not  be  accidental.  When  cultivated 
in  broth  long  chains  develop.  Very  rarely  chains  of  80  or  more  diplococcal 
forms  are  found  in  the  original  freshly  withdrawn  exudate. 

The  occurrence  of  phagocytosis  in  the  exudate  is  variable.  In  some 
cases  it  appears  to  be  almost  entirely  absent,  but  in  other  cases  it  is  marked 
and  cells  crowded  with  microorganisms  are  frequently  seen.  In  some  instances 
failure  of  the  cell  nuclei  to  stain  as  deeply  in  these  cells  as  in  neighboring  leuco¬ 
cytes,  while  the  organisms  themselves  stain  deeply,  gives  the  impression  that 
the  phagocytosis  is  not  an  effective  protection  against  this  infection;  but  in 
other  instances  the  reverse  is  observed,  the  microorganisms  within  the  cell 
taking  the  stain  but  faintly  while  the  nuclei  appear  normal  in  this  and  other 
respects.  In  the  majority  of  the  leucocytes  the  nuclei  are  fragmented,  from 
four  to  six  clumps  of  nuclear  material  lying  separated  within  the  cytoplasm. 

DISSEMINATION  OF  INFECTION  IN  SURVIVING  CASES. 

That  the  dissemination  of  the  infection  in  surviving  cases  was  less  extensive 
than  in  fatal  cases  is  shown  by  the  relatively  small  number  in  which  the  in- 
trathoracic  condition  was  bilateral,  notwithstanding  the  fact  that  broncho¬ 
pneumonia  was  prone  to  affect  both  lungs.  Peritonitis  is  mentioned  in  only 
two  cases  which  recovered.  In  one  of  these  an  investigation  showed  that  the 
reported  peritonitis  was  based  on  the  following  brief  clinical  memorandum 
made  on  the  835th  day  after  admission  to  the  hospital  for  a  lobar  pneumonia 
of  the  right  lower  lobe :  “  Local  peritonitis  over  region  of  right  kidney,  symptoms 
of  subphrenic  abscess.77  The  day  before,  this  localized  cavity  had  been  drained 
by  resecting  a  callus  formed  after  the  first  resection  of  the  eighth  rib  in  the 
mid  axillary  line  three  months  previously.  The  case  offers  no  analogy  to  the 
acute  general  peritonitis  so  frequent  in  fatal  cases.  No  details  are  available 
concerning  the  character  of  the  other  case  in  which  peritonitis  was  noted,  and 
the  patient  recovered. 

Pericarditis  has  also  been  of  low  incidence  in  cases  that  survived.  The 
diagnosis  has  usually  been  based  upon  the  occurrence  of  a  friction  sound  referred 
to  the  pericardium.  In  cases  of  pericarditis  which  subdivided,  fibrous  ag¬ 
glutination  and  ultimate  adhesions  sometimes  resulted.  A  true  infection  of 
the  pericardium,  with  abundant  purulent  exudate  due  to  the  streptococcus, 
was  almost  invariably  fatal. 
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With  respect  to  the  extrathoracic  infections,  other  than  peritonitis  and 
meningitis,  there  is  but  little  percentage  difference  in  incidence  between  cases 

that  survived  and  those  proving  fatal. 

Confining  the  compilation  to  data  from  camp  base  hospitals  and  excluding 
the  chronic  cases  transferred  from  other  hospitals,  the  occurrence  of  the  most 
frequent  infections  complicating  empyema  is  given  in  Tables  33,  34,  and  35. 
These  summaries  are  based  upon  the  special  emypema  records  and  show  the 
frequency  of  these  complications  as  noted  in  those  records  in  both  fatal  and 
surviving  cases.  Both  the  absolute  numbers  and  percentages  are  given. 

Nearly  all  of  the  cases  of  empyema  in  the  Army  that  were  recognized  and 
survived  received  active  treatment.  This  treatment  varied  from  a  single  aspua- 
tion  to  extensive  operations  entailing  decortication  of  the  lung  and  collapse  of 
the  chest  wall.  It  is  therefore  impossible  to  describe  the  course  that  would 
have  been  taken  by  the  infection  of  the  pleura  had  there  been  no  surgical  inter¬ 
vention.  There  are  no  records  of  autopsies  made  upon  cases  any  considerable 
time  after  healing  of  the  empyema.  A  knowledge  of  the  ultimate  results  of 
empyema  in  the  Army  is  dependent,  therefore,  upon  the  personal  reports  of 
the  patients  and  on  the  results  of  physical  and  X-ray  examinations.  Since  the 
character  of  these  findings  was  determined  by  both  the  pathology  and  the  treat¬ 
ment  of  each  case,  a  consideration  of  the  kinds  and  degrees  of  disability  ex¬ 
perienced  by  the  patients  with  their  probable  explanations  can  best  be  deferred 
until  the  methods  of  treatment  have  been  described.  But  there  are  certain 
pathological  processes  which  must  influence  the  ultimate  outcome  in  every 
case.  For  example,  it  is  evident  that  productive  inflammatory  processes 
must  follow  the  damage  wrought  by  the  infections  described  in  this  chapter 
and  that  these  will  inevitably  lead  to  the  formation  of  cicatricial  tissue  tending 
to  contract.  Thus,  adhesions  and  deformities  are  threatened  in  proportion 
to  the  extent  and  abundance  of  the  granulation  tissue  within  the  lung  or  upon 
the  pleural  surfaces.  Analogous  to  this  is  the  new  formation  of  bone  from 
surviving  periosteal  tissues. 

It  should  be  the  aim  of  the  surgeon  to  first  avert  conditions  threatening 
life,  then  to  promote  the  well-being  of  his  patient,  and,  finally,  to  reduce  the 
ultimate  disability  to  a  minimum. 


Table  33. « — Association  of  the  three  chief  classes  of  infecting  organisms  found  in  the  pleural  exudate  with  the  more  frequent  complications— Based  on  3,889  cases 
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a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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Table  35. a — Table  of  complications,  with  relative  frequencies. 


Total  cases,  3,889. 
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0.0% 

0.0% 

2.9% 

2.9% 

0.0% 

1-5% 

23.7% 

Lived,  2,629. 


"Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


45267°— 24.  (Face  p.  168.)  No.  2 


;>  - 


-  •  - 


■ 


. 


:  ' 


•  •  ■  -  •  —  —  •  i 


. 

■■  - - - 


■ 


,f>» 

0.^ 


• 

■ 

\ 


EMPYEMA. 


169 


REFERENCES. 

(1)  Empyema  Reports.  On  file,  Record  Room,  S.  G.  O.,  710  (Empyema)  (name  of  camp)  (c). 

(2)  MacCallum,  W.  G.:  The  Pathology  of  the  Pneumonia  in  the  United  States  Army  Camps 

during  the  Winter  of  1917-1918.  Monographs  of  the  Rockefeller  Institute  for  Medical 
Research,  1919,  No.  10,  1. 

(3)  Opie,  L.  E.,  Blake,  F.  G.,  Small,  J.  C.,  and  Rivers,  R.  M.:  Epidemic  Respiratory  Diseases, 

The  Pneumonias  and  Other  Infections  of  the  Respiratory  Tract  Accompanying  Influenza 
and  Measles,  1921.  St.  Louis,  C.  V.  Mosby  Company. 

(4)  MacCallum,  W.  G.:  Op.  cit.,  136. 

(5)  Opie,  L.  E.,  Blake,  F.  G.,  Small,  J.  C.,  and  Rivers,  R.  M.:  Op.  cit.,  239  et  seq. 

(6)  MacCallum,  W.  G.:  Op.  cit.,  136,  137. 

(7)  Ibid.,  71. 

(8)  Ibid.,  93. 

(9)  Blake,  F.  G.,  and  Cecil,  R.  L.:  Studies  on  Experimental  Pneumonia.  Journal  of  Experi¬ 

mental  Medicine ,  Baltimore,  Aid.,  1920,  xxxi,  403,  499,  519,  657;  xxxii,  401,  691,  719. 


CHAPTER  IV. 

TREATMENT  OF  EMPYEMA  CAVITIES  WITH  ANTISEPTIC  SOLUTIONS. 

SOLUTIONS  EMPLOYED. 


Records  of  the  experiences  in  the  use  of  antiseptics  in  the  treatment  of 
empyema  form  one  of  the  most  interesting  and  valuable  chapters  in  the  history 
of  this  disease.  There  are  few  topics  about  which  there  have  been  such 
diversities  of  opinion.  Many  of  the  divergent  views  concerning  the  efficacy  of 
antiseptics  have  been  due  to  differences  in  the  pathological  conditions  presented 
by  the  cases,  in  the  choice  of  the  antiseptic,  and  in  the  technical  details  of  its 
application. 

The  antiseptic  most  frequently  used  was  Dakin’s  neutral  solution  of  sodium 
hypochlorite.  A  careful  review  of  the  special  empyema  records  reveals  1,774 
cases  in  which  it  was  employed.  These  cases,  however,  do  not  form  a  homo¬ 
geneous  group.  In  some,  this  antiseptic  was  used  only  after  the  case  had 
become  chronic.  In  others,  it  was  applied  immediately  after  operation  and 
used  persistently  until  the  wound  closed.  The  mode  of  application  was  not 
uniform.  There  were  cases  in  which  the  Carrel  technique  was  carefully  followed 
in  detail,  the  wounds  were  irrigated  daily  at  the  time  dressings  were  renewed, 
and  Carrel  tubes  were  inserted  in  all  parts  of  the  cavity.  This  technique  per¬ 
mitted  the  instillation  of  the  solution  at  intervals  of  from  one  to  four  hours, 
during  the  day  and  night,  until  the  dressings  were  renewed  on  the  following  day. 
In  other  cases  these  frequent  instillations  were  omitted  and  the  application  of 
the  solution  consisted  only  in  a  daily  irrigation  when  the  cases  were  dressed. 
In  a  relatively  small  number  of  cases  there  was  an  alternate  application  of 
Dakin  s  solution  and  some  other  antiseptic,  either  dichloramine— T  or  formalin. 
These  divergencies  in  the  time  and  method  of  using  the  antiseptic  render  the 
task  of  estimating  its  exact  value  one  of  considerable  difficulty. 

Other  antiseptics  noted  in  the  special  empyema  records,1  with  the  number  of 
cases  in  which  they  were  employed,  are  listed  below: 


Cases. 


Formalin . 162 

Dichloramine-T .  73 

Bismuth .  65 

Boric  acid .  14 

Chlorazene  or  chloramine-T .  11 

Cresol . 10 

Iodine . 7 

Mercuric  chloride . 5 

Optochin .  3 


Cases. 

“B.  I.  P.”  (bismuth  subnitrate,  1  part; 
iodoform,  2  parts;  liquid  paraffin  oil, 


sufficient  to  make  a  thick  paste) .  2 

Potassium  permanganate .  2 

Aniline  dyes .  2 

Hychlorite. . .  1 

Iodoform . . . .  l 

Silver  nitrate .  1 

Urotropin .  1 

Quinine .  i 


In  40  cases  a  50  per  cent  solution  of  glucose  was  instilled  into  the  cavity,  and 
in  4  additional  cases  glucose  was  combined  with  formalin. 

In  none  of  the  cases  included  in  this  list  are  there  records  of  bacteriologic 
studies  of  the  progress  of  disinfection  which  throw  light  upon  the  value  of  the 
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antiseptics  used.  It  is  obvious,  however,  that  the  results  did  not  encourage  the 
extensive  use  of  any  antiseptics  other  than  those  belonging  to  the  chlorine 
group. 

A  number  of  cases  at  Camp  Pike  and  Camp  Dodge  were  treated  by  the 
“  closed  method.”  An  open  thoracotomy  was  not  done.  The  cavities  in  these 
cases  were  aspirated  and  irrigated  with  Dakin’s  solution  and  formalin  through 
a  catheter  inserted  through  a  puncture  wound  in  the  chest  wall.  For  an  evalua¬ 
tion  of  these  two  antiseptics  and  of  the  various  methods  employed  in  the  treat¬ 
ment  of  empyema,  a  preliminary  review  of  the  difficulties  met  in  the  disinfection 
of  the  pleural  cavity  is  necessary. 

CONDITIONS  INFLUENCING  STERILIZATION. 

The  first  essential  for  successful  disinfection  is  contact  between  the  anti¬ 
septic  and  the  organisms  it  is  designed  to  destroy.  A  glance  at  the  illustrations 
in  the  chapter  on  the  pathology  of  empyema  will  reveal  many  of  the  conditions 
which  render  this  difficult.  It  is  at  once  apparent  that  the  bacteria  may  be 
enmeshed  in  a  fibrinopurulent  exudate  between  two  adjacent  lobes  of  a  lung, 
or  that  exudate  may  bind  the  lung  to  the  costal  wall  or  to  some  other  portion  of 
the  parietal  layer  of  the  pleura.  In  addition  there  may  be  subpleural  pul¬ 
monary  abscesses  which  communicate  with  the  pleural  cavity  through  small 
fistulas.  Furthermore,  firm  adhesions  may  divide  the  pleural  space  into 
pockets  which  are  either  completely  isolated  or  which  communicate  with  each 
other  by  narrow  and  possibly  tortuous  channels. 

The  clinical  course,  X-ray  and  bacteriologic  examinations  during  life,  as  well 
as  the  post-mortem  findings  in  fatal  cases,  show  that  empyemata  differ  to  an 
extraordinary  degree  in  the  character  and  extent  of  the  infection.  There  are 
cavities  of  simple  conformation,  confined  to  a  relatively  small  part  of  the  pleura, 
and  infected  by  bacteria  which  succumb  to  protective  reactions  developed  in 
the  host.  In  the  absence  of  untoward  circumstances  such  cases  are  self -limited. 
Simple  drainage  and  protection  from  secondary  infection  usually  meet  the 
indications  for  treatment.  Post-mortem  examination  of  the  more  complex 
cases  shows  that  they  are  usually,  if  not  always,  associated  with  acute  inter¬ 
stitial  pneumonia,  which  was  prevalent  in  certain  camps.  They  are  usually 
due  to  infection  with  hemolytic  streptococci.  The  suppurative  process  is 
not  confined  to  the  pleura,  but  extends  to  the  interlobular  areolar  tissue,  and 
causes  minute  abscesses  immediately  beneath  the  pleural  surface  or  deep  within 
the  lung  parenchyma.  The  intrathoracic  conditions  in  these  complex  cases  are 
of  such  importance  in  the  problem  of  disinfection  that  they  must  be  studied 
in  some  detail.  Cases  of  this  character  usually  die  early  in  the  course  of  the 
disease  with  associated  infections  of  other  viscera.  A  small  percentage  of  them 
live  and  tend  to  become  chronic. 

The  interlobar  agglutinations  occurring  in  these  cases  are  well  illustrated  in 
Plates  V,  VI,  and  VII.  In  Plate  V  a  small  abscess  opens  into  the  interlobar 
cleft.  The  interlobular  connective  tissue  within  the  lung  is  so  swollen  by  the 
exudate  within  its  meshes  that  it  forms  broad  lines  which  separate  the  lobules; 
in  the  normal  lung  these  boundaries  are  inconspicuous. 

The  interlobar  clefts  are  not,  however,  the  only  sites  in  which  such  adhesions 
occur.  They  may  be  found  in  any  situation  where  the  pleural  surfaces  were 
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in  contact  at  the  time  infection  occurred  and  were  not  separated  immediately 
by  an  accumulation  of  fluid.  A  very  instructive  series  of  frozen  sections  (Figures 
15  to  22)  through  the  thorax  of  a  cadaver  in  which  there  was  a  serofibrinous 
effusion  into  the  right  pleural  cavity,  shows  the  situations  in  which  such  a  disrup¬ 
tion  of  the  fibrinous  adhesions  failed  to  take  place  when  the  cavity  was  filled 
with  exudate.®  After  the  body  was  frozen  in  the  supine  position,  parallel 
transverse  sections  about  1  inch  in  thickness  were  made  through  the  thorax 
and  abdomen.  Only  those  which  include  the  pleurae  are  of  importance  here. 
There  is  no  clinical  record  of  this  case,  but  it  is  evident  that  any  pneumonia 
which  may  have  preceded  the  pleuritis  had  undergone  substantial  resolution 
before  death,  since  there  is  no  evidence  of  pulmonary  consolidation  in  the  sec¬ 
tions  from  which  these  photographs  were  taken.  The  areas  in  which  the 
opposed  pleural  surfaces  remain  in  contact,  in  spite  of  a  massive  effusion, 
include  nearly  the  whole  of  the  cavity  anterior  to  the  root  of  the  lung.  The 
lung  appears  to  be  in  contact  with  the  upper  surface  of  the  diaphragm  as  well. 
It  is  interesting  that  the  diaphragm  is  normally  higher  on  the  right.  It  is  not 
unlikely  that  this  difference  in  levels  is  increased  in  this  case  by  a  relaxation 
of  the  muscles  following  the  pleuritis  on  the  affected  side.  A  natural  conse¬ 
quence  of  such  a  relaxation  would  be  to  deepen  and  narrow  the  sulcus  between 
the  diaphragm  and  thoracic  wall  below  the  inferior  margin  of  the  lung.  This 
sulcus  can  be  traced  through  at  least  four  of  these  frozen  sections  below  the 
level  where  they  include  portions  of  the  lung.  Had  the  fibrinous  exudate 
been  as  abundant  in  this  case  as  it  was  in  many  of  the  cases  of  empyema 
occurring  in  the  Army,  this  sulcus  would  have  been  completely  filled  with  a 
fibrinopurulent  deposit  which  would  havebound  the  two  pleural  surfaces  together. 
It  is  in  these  regions  where  a  deposit  of  fibrin  holds  the  serous  surfaces  together 
that  permanent  fibrous  adhesions  are  subsequently  formed. 

The  conditions  described  above  have  a  bearing  on  the  results  of  attempts 
at  disinfection  by  antiseptic  solutions  introduced  into  the  portions  of  the 
pleural  cavity  made  accessible  by  thoracotomy.  Thin  layers  of  infected  fibrin 
lying  between  the  lobes  of  a  lung  or  between  the  visceral  and  parietal  pleurae 
prevent  thorough  contact  of  the  antiseptic  with  organisms  enmeshed  through¬ 
out  the  whole  extent  of  the  fibrinous  deposit.  The  contents  of  pus  pockets 
within  this  fibrin  or  in  subpleural  or  intrapleural  abscesses  are  also  well  pro¬ 
tected  against  antisepsis.  An  antiseptic  must  have  either  great  power  of  pene¬ 
tration,  or  solvent  properties  adequate  to  remove  the  obstructing  fibrin  or  dead 
tissue  if  it  reach  bacteria  present  under  these  conditions. 

This  brief  exposition  indicates  some  of  the  factors  preventing  thorough 
disinfection  of  empyema  cavities.  There  is,  however,  one  other  condition  that 
frequently  prevents  the  introduction  of  fluid  antiseptics  in  quantities  sufficient 
to  be  of  much  value.  If  a  peripheral  abscess  of  the  lung  ruptures  into  the 
pleural  space,  a  communication  is  often  established  which  allows  the  flow  of 
fluids  from  the  pleural  cavity  into  the  bronchial  tract.  Such  pleurobronchial 
communications  were  frequent  in  cases  of  empyema  following  streptococcus 
bronchopneumonia.  Sometimes  their  presence  was  revealed  only  when  irriga¬ 
tion  of  the  cavity  was  first  attempted.  The  introduction  of  the  solution  into 

a  These  sections  were  made  and  photographed  by  Prof.  Thomas  Dwight  and  were  available  for  use  in  this  study 
through  the  courtesy  of  the  anatomical  department  of  the  Harvard  Medical  School. 
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Fig. 


15. — This 


and  the  following  illustrations,  to  Fig.  22,  represent  a  series  of  frozen  sections 
thorax  to  demonstrate  the  position  of  a  lung  compressed  by  a  large  effusion. 
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Fig.  19. 


Fig.  20 
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the  cavity  in  these  cases  induced  coughing.  The  patients  could  then  taste  the 
solution  which  had  been  used.  In  other  cases  there  was  no  evidence  of  a  pleuro- 
pulmonary  fistula  until  frequent  irrigations  or  instillations  had  been  practiced 
for  an  extended  period  of  time.  In  these  instances  the  pleural  opening  was 
probably  covered  by  fibrin  which  was  later  dissolved  by  the  sodium  hypochlo¬ 
rite,  or  the  abscess  had  not  ruptured  when  irrigation  was  first  attempted. 
When  these  pleurobronchial  communications  were  large  and  patent  they 
prevented  irrigation.  In  many  cases  the  instillation  of  small  amounts  of 
solution  was  possible  if  the  patients  were  placed  in  a  position  which  did  not 
allow  fluid  to  enter  the  bronchi. 

Hitherto  only  those  impediments  which  are  of  a  mechanical  nature  have 
been  touched  upon.  There  are,  however,  difficulties  in  which  chemical  factors 
play  a  great  part.  These,  of  course,  must  be  overcome  if  successful  disinfection 
of  the  entire  cavity  and  its  various  ramifications  is  to  be  secured.  Germicidal 
substances  must  be  considered,  not  solely  with  reference  to  the  bacteria  which 
the}7  are  designed  to  destroy,  but  their  reactions  with  the  exudate  and  tissues 
must  be  understood.  Many  antiseptics  act  by  coagulating  proteins,  and,  if  they 
are  in  sufficient  concentration,  kill  animal  as  well  as  bacterial  cells  through  a 
fixation  of  the  cytoplasm.  Other  antiseptics,  particularly  those  containing 
active  chlorine,  react  with  proteins  by  altering  their  chemical  constitution. 
The  products  of  the  reactions  induced  by  Dakin’s  solution  are  soluble  on  account 
of  the  active  chlorine.  In  whatever  class  an  antiseptic  may  belong,  the  reac¬ 
tions  in  which  it  takes  part  must  reduce  its  potency  as  a  germicide,  since  they 
reduce  the  concentration  of  available  antiseptic.  Substances  in  solution 
enter  into  these  reactions  more  readily  and  promptly  than  those  in  particulate 
form,  so  that  the  antiseptic  available  for  germicidal  action  may  be  greatly 
reduced  in  exudates  containing  large  amounts  of  fibrin  or  soluble  protein.  The 
influence  of  these  side  reactions  in  reducing  the  efficiency  of  antiseptic  applica¬ 
tions  must,  therefore,  be  kept  in  mind  in  this  form  of  treatment. 

The  surgical  treatment  of  empyema  differs  from  that  of  wounds  of  the  soft 
parts  in  that  the  septic  area  can  not  be  opened  freely  so  that  perfect  drainage 
and  irrigation  can  be  obtained.  It  is  not  a  simple  matter  to  select  a  site  for 
thoracotomy  that  will  with  certainty  drain  the  most  dependent  part  of  the 
cavity.  There  is  great  danger  in  attempting  to  drain  the  cavity  through  the 
sulcus  between  the  diaphragm  and  costal  wall,  for  instances  are  on  record  in 
which  the  diaphragm  was  perforated  at  operation,  with  subsequent  infection 
of  the  peritoneum.  In  some  of  these  cases  the  site  of  operation  was  as  high  as 
the  seventh  intercostal  space  in  the  midaxillary  line.  It  is  doubtful  if  thorough 
drainage  of  this  sulcus  is  secured  by  thoracotomy  at  the  level  at  which  the 
incision  is  usually  made. 

The  difficulty  experienced  in  completely  draining  the  cavity  has  been 
mentioned  because  it  is  a  factor  which  greatly  influences  the  success  of  attempted 
disinfection.  Residual  quantities  of  exudate  always  reduce  the  germicidal 
potency  of  antiseptics,  but  especially  of  antiseptics  of  high  reactivity,  such 
as  those  of  the  chlorine  group.  These  highly  reactive  antiseptics,  however, 
are  precisely  the  ones  which  offer  the  greatest  promise  of  success,  because  they 
are  strongly  bactericidal  in  concentrations  which  will  not  destroy  living  tissues. 
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Even  when  drainage  is  perfect,  the  secretions  are  often  formed  so  rapidly  and 
in  such  large  quantities  that  the  concentration  of  the  antiseptic  solution  is 
reduced  by  simple  dilution.  For  this  reason  antiseptics  which  act  almost 
instantaneously  are  the  most  potent. 

In  view  of  all  the  adverse  factors  enumerated,  the  sterilization  of  an 
empyema  cavity  might  well  appear  a  hopeless  task.  In  many  instances  this 
has  proved  the  case.  It  is  possible,  however,  to  sterilize  a  very  high  percentage 
of  cases  after  persistent  effort  if  certain  facts  are  constantly  kept  in  mind. 
Based  on  this  review  of  the  difficulties  encountered,  the  following  definite 
conclusions  may  be  drawn.  All  foci  of  infection  must  be  made  accessible  to 
the  disinfectant;  the  secretions  formed  within  the  cavity  must  be  evacuated  as 
completely  as  possible;  and  an  antiseptic  of  rapid  action  must  be  chosen  when 
the  secretions  are  abundant.  It  appears,  then,  that  the  choice  of  an  appro¬ 
priate  antiseptic  and  a  proper  mode  of  application  are  of  prime  importance.  The 
neutral  solution  of  sodium  hypochlorite,  which  has  been  so  extensively  used  in 
the  treatment  of  septic  wounds,  has  met  these  conditions  more  perfectly  than 
any  other  antiseptic  and,  in  consequence,  has  been  most  frequently  used  in  the 
postoperative  treatment  of  empyema. 

There  are  two  methods  of  using  the  data  available  in  determining  the  value 
of  Dakin’s  solution  in  the  treatment  of  empyema.  One  of  these  is  the  bacte- 
riologic  study  of  the  progress  of  disinfection  in  individual  cases.  The  other  is 
a  comparison  of  the  results  of  that  treatment  with  those  following  other  pro¬ 
cedures.  In  either  of  these  methods  difficulties  of  interpretation  are  en¬ 
countered  because  of  variations  in  the  bacteriology  and  pathology  of  the  cases. 
Post-mortem  examinations  of  fatal  cases,  and  the  clinical  histories  of  those 
surviving,  reveal  such  great  variations  in  the  course  of  the  infection  that  it  is 
impossible  to  select  groups  of  cases  which  present  common  salient  features  for 
study.  In  some  individual  cases  it  is  evident  that  undiscovered  foci  of  in¬ 
fection  have  prevented  successful  sterilization  of  cavities  for  periods  of  months. 

Since  cases  can  not  be  compared  individually  in  respect  to  the  intrathoracic 
conditions,  it  is  necessary  to  consider  them  in  large  groups  in  order  to  eliminate 
possible  individual  differences.  The  study  then  becomes  purely  statistical  and 
definite  criteria  must  be  selected  for  comparison  of  the  groups.  Two  quite 
different  criteria  have  been  selected  for  this  comparison.  The  first  is  the  length 
of  time  which  elapsed  between  the  first  open  operation  and  the  closure  of  the 
thoracic  wound.  The  second  is  based  upon  replies  to  follow-up  letters,2  and 
refers  to  the  ability  to  work,  the  presence  of  dyspnea,  pain,  persistent  cough, 
and  cardiac  symptoms.  These  criteria  are  both  objective  and  subjective. 
The  closure  of  the  wound  is  an  objective  event  noted  by  a  surgeon  in  charge 
of  the  case.  The  replies  received  from  the  men  after  discharge  from  the  Army 
are  largely  subjective.2  The  evidence  bearing  upon  the  efficiency  of  antiseptic 
treatment  with  Dakin’s  solution  is,  therefore,  varied  in  character. 

The  study  of  these  data  has  required  a  consideration  of  all  the  available 
material  en  masse  and  further  study  of  a  few  individual  groups  of  cases  which 
were  under  more  careful  observation  by  a  commission  established  by  the  Surgeon 
General  of  the  Army.3  This  has  been  necessary  on  account  of  the  character  of 
the  treatment  which  was  altered  from  time  to  time  throughout  all  the  Army 
camps  as  the  methods  of  sterilization  were  improved.  Without  the  data 
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on  these  more  intensely  studied  cases  a  general  survey  of  the  entire  situation 
would  be  grossly  misleading.  For  this  reason  the  statistical  study  has  been 
subdivided  under  headings  which  are  intended  to  present  the  effects  of  treat¬ 
ment  on  all  the  cases  for  which  suitable  records  are  available  and  to  clarify 
more  points  raised  by  this  general  survey.  Various  other  descriptive  data  have 
been  appended  as  a  matter  of  record. 

THE  EFFECT  OF  ANTISEPSIS  WITH  NEUTRAL  SOLUTION  OF  SODIUM  HYPO¬ 
CHLORITE  ON  THE  HEALING  OF  THORACOTOMY  WOUNDS. 

From  the  entire  group  of  cases  which  were  treated  by  open  drainage,  1,113 
have  been  selected  as  a  basis  for  study.  Obviously,  the  most  important  fact 
which  could  be  gleaned  from  such  a  group  of  cases  would  be  the  effect  of 
irrigation  on  the  length  of  the  drainage  period.  No  discrimination  was 
employed  in  the  selection,  but  all  cases  in  which  the  data  were  accurate  in 
regard  to  the  date  of  operation,  the  application  of  Dakin’s  solution,  and  the 
final  closure  of  the  wound  were  used  for  study.  With  these  three  definite 
points  in  mind  these  cases  were  divided  into  smaller  groups  for  comparison. 
These  smaller  groups  have  been  termed  “ simple  drainage,”  “  Dakin-part,”and 
“  Dakin-full.” 

In  the  first  group  the  clinical  history  mentions  no  antiseptic  treatment,  and 
the  postoperative  care  is  designated  as  “ simple  dressings,”  or  “  drainage.” 
This  group  of  cases,  numbering  510,  is  designated  by  the  term  “  simple  drain¬ 
age.”  In  the  other  two  groups  Dakin’s  solution  was  used  at  some  stage  in  the 
course  of  the  postoperative  treatment.  The  technique  followed  in  the  applica¬ 
tion  of  this  solution  was  not  uniformly  the  same,  nor  were  irrigations  always 
continued  throughout  the  course  of  the  postoperative  care  up  to  the  time  of 
wound  closure.  In  some  instances  the  only  reference  to  Dakin’s  solution  is 
the  statement  that  it  was  used  for  daily  irrigation  at  the  time  dressings  were 
renewed.  Since  the  antiseptic  action  of  the  hypochlorite  is  transitory,  a  single 
application  at  daily  intervals  can  not  be  regarded  as  an  efficient  utilization  of 
this  solution  for  attaining  sterilization  of  the  pleural  cavity.  These  cases  have 
therefore  been  collected  to  form  a  second  and  a  third  group,  “Dakin-full,”  in 
which  the  records  specify  that  Dakin’s  solution  was  instilled  at  intervals  of 
from  one  to  three  hours  during  the  day  and  at  less  frequent  intervals  during 
the  night,  and  “Dakin-part,”  in  which  treatment  was  not  so  persistent.  These 
two  groups  aggregate  603  cases,  of  which  455  fall  into  the  “Dakin-part”  series 
and  148  into  the  “Dakin-full.” 

The  first  step  in  the  analysis  of  each  of  these  individual  groups  of  cases  has 
been  a  rearrangement  of  each  series  based  on  the  interval  of  time  which  elapsed 
between  the  operation  and  the  perfect  closure  of  the  wound.  Such  an  arrange¬ 
ment  permits  the  construction  of  a  curve  for  each  group.  When  the  curves  for 
all  of  these  groups  are  charted  to  illustrate  the  percentages  of  cases  healed  at 
different  intervals  of  time  after  the  first  open  operation  the  results  of  the  three 
methods  of  treatment  can  be  compared  in  graphic  form.  The  manner  in  which 
this  chart  was  constructed  necessitates  an  explanation. 

There  were  510  cases  treated  by  simple  drainage.  The  intervals  between 
operation  and  wound  closure  in  these  cases  ranged  from  13  to  389  days.  If 
the  total  number  of  days,  made  up  of  the  sum  of  the  intervals  in  all  these  cases, 
is  divided  by  the  number  of  cases  studied  the  mean  interval  for  the  whole 
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series  would  be  84.547  days.  In  other  words,  this  was  the  aYerage  healing  time. 
The  majority  of  the  cases,  however,  healed  before  oiiis  number  of  days  had 
elapsed.  As  a  matter  of  fact  297  healed  within  this  period  and  213  healed  later. 
The  mean  closure  time  for  the  297  cases  was  55.714  days.  Again,  140  cases 
healed  in  less  than  this  interval  and  157  healed  between  55.714  days  and  84.547 
days,  which  is  the  mean  period  for  the  entire  group.  Taking  in  turn  the  mean 
time  of  healing  for  the  140  earlier  cases  it  is  found  to  be  39.014  days,  with  65 
of  the  cases  healing  prior  to  that  interval  and  75  cases  between  this  and  the 
secondary  mean  of  55.714  days.  In  like  manner,  these  65  cases  fall  into  two 
groups  of  30  to  35,  respectively.  The  mean  of  the  30  cases  is  22  days,  and 
that  of  the  35  cases  33.97  days. 


Chart  LVIII. — Intervals  between  first  operation  and  closure  of  the  thoracic  wound.  Curve  I,  simple  drainage  (see  Table 
36).  Curve  II,  Carrel-Dakin,  full  technique  (see  Table  38).  Curve  III,  Carrel-Dakin,  part  technique  (see  Table  37). 

In  this  way,  by  determining  the  successive  means  of  the  first,  second,  third, 
and  fourth  orders,  the  whole  series  was  divided  into  16  groups.  The  number 
of  cases  falling  within  each  group  was  determined  and  the  percentage  ratio 
which  this  number  bore  to  the  total  number  in  the  series  was  obtained.  When 
these  percentages  were  successively  added  together  they  gave  the  percentage 
of  cases  which  had  healed  at  successive  intervals  after  operation.  These 
intervals  were  the  mean  closure  periods  for  each  of  the  16  groups.  The  sums 
of  the  percentages  were  plotted  as  ordinates  over  abscissae  which  represent  the 
sums  of  corresponding  mean  times  of  closure.  The  calculations  on  each  of 
the  three  large  groups  of  cases  have  been  appended  in  Tables  36,  37,  and  38. 
Chart  LVIII  is  a  combination  of  the  three  curves  constructed  from  these  tables. 
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Table  36. a — Wound  closure  after  first  operation — Distribution  of  cases  among  successive  mean 

periods — Postoperative  treatment,  simple  drainage. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
in  fourth 
group. 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Fourth. 

Fourth. 

Third. 

Second. 

First. 

65 

30 

5.  882 

22.00 

28.  45 

140 

35 

6.  863 

33.  97 

39.01 

30 

5.882 

43.60 

47.  13 

297 

45 

8.  824 

51.58 

55.71 

84 

27 

5.  294 

58.  70 

61.24 

157 

57 

11. 176 

65.  95 

70.  50 

36 

7.  059 

75.  06 

78.  43 

510 

37 

7.  255 

81.70 

84.55 

79 

37 

7.  255 

88.  51 

92.48 

140 

42 

8.  235 

95.  98 

100. 3 

61 

35 

6.  863 

105.5 

110.5 

213 

26 

5.  098 

117.  1 

124.8 

48 

25 

4.902 

134.  1 

144.3 

73 

23 

4.  510 

155.4 

171.6 

25 

17 

3.333 

189.6 

224.0 

8 

1.569 

297.1 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


Table  37. a — -Wound  closure  after  first  operation — Distribution  of  cases  among  successive  mean  periods — 

Postoperative  treatment ,  Dakin-part. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
in  fourth 
group. 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Fourth. 

Fourth. 

Third. 

Second. 

First. 

62 

28 

6. 154 

20.32 

27.  87 

150 

34 

7.473 

34.09 

38.  77 

88 

49 

10.  770 

44.  50 

48.  27 

295 

39 

8.  571 

53.44 

58. 08 

70 

42 

9.231 

62.40 

66.  06 

145 

28 

6. 154 

71.  54 

75 

33 

7.  253 

81. 12 

86.85 

/ D.  ol 

455 

42 

9.  321 

91.35 

97.07 

51 

27 

5.  934 

102.6 

110.0 

96 

24 

5.275 

118.3 

126.4 

45 

23 

5. 055 

133.5 

145.  0 

160 

22 

4.835 

156.8 

168.9 

43 

19 

4.  176 

180.8 

200.5 

64 

24 

5.  275 

216.0 

232.  8 

21 

17 

3.736 

255.  3 

298.9 

4 

0.  879 

483.5 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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Table  38. a — Wound  closure  after  first  operation — Distribution  of  cases  among  successive  mean  periods— 

Postoperative  treatment,  Carrel- Dakin  technique. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

Successive  groups. 

Per  cent 
of  total 

Successive  groups. 

Average 

mean 

period. 

number. 

First. 

Second. 

Third. 

Fourth. 

in  fourth 
group . 

Fourth. 

Third. 

Second. 

First. 

20 

8 

5.405 

18. 63 

26.90 

K  1 

12 

8. 108 

32.  42 

38.31 

01 

31 

16 

10.811 

41.69 

45. 68 

101 

15 

10. 135 

49.  93 

53. 46 

25 

12 

8. 108 

57.41 

60.  67 

50 

13 

8.784 

63.85 

68. 90 

25 

13 

8.  784 

73.  39 

77.  04 

148 

12 

8.  108 

81.00 

86.64 

21 

10 

6.757 

94.00 

99.  95 

31 

11 

7.432 

105.  4 

110.1 

10 

5 

3.378 

122.  5 

131.3 

47 

5 

3.378 

140.  0 

157.9 

9 

4 

2.703 

182.  5 

207.5 

16 

5 

3.378 

217.0 

250.7 

7 

4 

2.  703 

281.  5 

313.7 

3 

2.027 

356.7 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


There  are  many  circumstances  to  be  taken  into  consideration  in  attempting 
to  interpret  the  relations  between  the  curves,  which  could  not  be  illustrated  in 
this  chart.  Chief  among  these  is  the  fact  that  the  cases  were  not  uniformly 
distributed  throughout  the  epidemiologic  periods.  Since  Dakin’s  solution  was 
not  used  in  the  treatment  of  empyema,  except  in  a  few  isolated  instances,  until 
March  or  April,  1918,  the  curve  for  simple  drainage  is  made  mostly  from  cases 
which  occurred  early  in  the  epidemic.  Before  this  time  few  antiseptic  measures 
were  employed  because  it  was  deemed  hazardous  to  irrigate  empyema  cavities 
with  even  bland  solutions.  This  lack  of  synchronism  in  the  curves  introduces 
an  element  of  uncertainty  as  to  whether  the  cases  included  under  simple 
drainage  were  of  the  same  character  as  those  upon  which  the  other  curves  are 
based.  The  curves  resulting  from  this  method  of  analysis  are  sufficiently 
well  defined,  however,  to  permit  a  comparison  of  the  three  groups  of  cases. 
These  curves  show  the  same  general  character,  with  a  fairly  steep  and 
nearly  uniform  gradient  that  comprises  about  70  per  cent  of  all  cases.  The 
remaining  30  per  cent  show  a  gradually  increasing  tendency  toward  chronicity, 
which  is  least  marked  in  the  cases  treated  by  simple  drainage. 

Based  entirely  upon  the  relations  of  these  curves,  the  conclusion  might  be 
reached  that  cases  treated  by  simple  drainage  progressed  more  favorably  than 
those  in  which  Dakin’s  solution  was  used,  but  that  full  Carrel-Dakin  technique 
was  more  effective  than  less  intensive  treatment  of  the  cases.  Such  a  conclu- 
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sion  would  be  paradoxical,  of  course,  and  would  indicate  that  some  factor  not 
hitherto  considered  enters  into  the  distribution  of  the  cases  grouped  according 
to  the  various  modes  of  treatment.  The  obvious  conclusion  would  be  that  those 
which  were  treated  by  simple  drainage  were  in  general  less  refractory  than 
those  receiving  antiseptic  treatment.  There  is  no  basis,  however,  for  such  a 
conclusion,  since  the  mortality  from  empyema  and  the  pathology  of  the  cases 
indicate  that  the  disease  was  probably  more  severe  when  simple  drainage  was 
the  common  mode  of  treatment  than  later  when  antisepsis  was  in  vogue. 

Neither  of  these  conclusions  would  be  wholly  correct.  Many  of  the  most 
refractory  cases  occurred  in  the  latter  part  of  1917  and  the  first  two  or  three 
months  of  1918,  when  the  morbidity  was  high.  The  mortality  in  this  period 
of  high  incidence  was  at  its  maximum,  and  many  of  the  cases  that  survived  ran 
a  very  protracted  course  before  healing.  Few  of  these  protracted  cases,  how¬ 
ever,  were  treated  throughout  their  course  by  simple  drainage.  If  they 
failed  to  heal  under  that  treatment  within  a  period  of  three  or  four  months 
after  the  first  operation  they  were  either  transferred  to  hospitals  where 
Dakin’s  solution  was  employed,  or  the  Carrel-Dakin  technique  was  introduced 
into  the  wards  of  the  hospital  where  they  were  being  treated.  In  the  construc¬ 
tion  of  these  curves  it  was  not  feasible  to  separate  the  cases  into  groups  on  the 
basis  of  these  transfers  or  changes  of  treatment.  All  the  cases  which  were 
treated  with  Dakin’s  solution,  irrespective  of  the  antecedent  history,  were 
included  in  one  or  the  other  of  the  curves.  This  grouping  was  necessitated  by 
the  general  lack  of  specific  information  concerning  the  date  on  which  chlorine 
antiseptics  were  first  used.  This  information  is  available  only  in  a  limited 
group  of  cases,  which  will  be  referred  to  presently. 

From  the  above  considerations  it  would  appear  that  the  curve  for  simple 
drainage  is  unduly  favorable  to  this  mode  of  treatment  when  compared  with 
the  use  of  Dakin’s  solution.  Without  more  precise  data  concerning  the  indi¬ 
vidual  cases,  it  would  be  unprofitable  to  attempt  a  closer  analysis  of  these 
three  groups. 

While  these  curves  can  not  be  considered  as  strictly  accurate,  they  furnish 
a  means  for  comparing  the  three  methods  of  postoperative  treatment  which 
can  be  accepted  as  reasonably  satisfactory.  This  is  particularly  true  of  the 
two  curves  representing  cases  treated  with  Dakin’s  solution,  for  with  certain 
exceptions  these  fall  within  the  same  epidemiological  period  of  time,  and  the 
character  of  the  majority  of  the  cases  was  presumably  similar  in  the  two  groups. 

It  may  be  pointed  out  that  in  50  per  cent  of  the  cases  treated  with  the  full 
Carrel-Dakin  technique  the  wounds  closed  in  approximately  63  days,  while  50 
per  cent  of  those  treated  less  efficiently  required  about  74  days  for  healing. 
This  is  a  saving  of  11  days,  or  nearly  15  per  cent  of  the  time  required  for  the 
more  chronic  cases.  In  like  manner,  it  is  observed  that  70  per  cent  of  the 
Dakin-full  cases  healed  in  85  days,  in  contrast  to  101  days  for  the  Dakin-part 
cases.  This  is  a  difference  of  16  days,  nearly  16  per  cent  of  the  time  required 
by  the  cases  in  the  latter  group. 

The  foregoing  figures  refer  only  to  the  time  which  elapsed  between  the 
first  operation  and  the  closure  of  the  wounds.  It  is  pertinent  to  inquire  into 
the  percentage  of  these  cases  in  which  the  closure  was  permanent.  While  it 
was  possible  to  limit  the  cases  to  those  included  in  the  three  groups  just  studied, 
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it  was  advisable  to  enlarge  these  groups  by  the  addition  of  certain  cases  in 
which  definite  data  were  lacking  concerning  the  date  of  wound  closure.  Many 
of  the  recurrences  at  the  site  of  operation  were  at  long  intervals  after  the  onset 
of  the  empyema  and  necessitated  follow-up  letters  over  an  extended  period. 
They  have  been  reported  at  an  interval  as  long  as  1,100  days  after  the  onset 
of  the  infection. 

Among  1,043  cases  in  which  simple  drainage  was  the  only  postoperative 
treatment,  follow-up  letters  were  returned  by  713,  or  68.35  per  cent.2  Recur¬ 
rences  of  the  empyema  were  reported  in  82  (7.86  per  cent)  of  the  total  1,043; 
11  occurred  after  return  to  quarters  before  discharge  from  the  Army,  and  71 
after  discharge.  Of  these  82  recurrent  cases,  5  died  subsequently.  One  of  the 
deaths  followed  pulmonary  tuberculosis,  and  the  four  others  were  associated 
with  tuberculosis  in  advanced  stages.  Twenty- two  were  receiving  compen¬ 
sation  for  temporary  partial  disability,  1  for  permanent  partial  disability  (15 
per  cent),  11  for  temporary  total,  and  1  for  permanent  total  (tuberculosis). 
Nine  of  the  82  cases  were  receiving  vocational  training;  10  were  incapacitated 
for  any  work;  23  were  doing  light  work;  6  stated  that  they  were  able  to  work 
though  hampered  by  dyspnea,  pain  or  symptoms  referred  to  the  heart.  It  is 
evident  that  these  men  were  in  poor  condition  and  that  in  the  majority  of  cases 
the  recurrence  was  not  a  trivial  matter. 

There  were  489  follow-up  replies  2  from  the  723  cases  in  which  the  post¬ 
operative  treatment  was  irrigation  with  Dakin’s  solution  (partial  technique) ; 
that  is,  67.50  per  cent  responded  to  inquiries  as  compared  with  68.36  per  cent 
of  those  treated  by  simple  drainage.  There  were  44  recurrences  among  the 
723  cases,  or  6.08  per  cent.  Twenty-five  occurred  after  discharge  from  the 
Army;  13  after  return  to  quarters,  but  before  discharge;  and  the  remaining  6 
were  still  in  the  service,  but  no  note  was  made  of  the  date  when  these  men  left 
the  hospital;  1  case  died  of  unknown  cause  after  discharge  from  the  Army; 
5  of  the  recurrent  cases  were  tuberculous.  Thirteen  of  the  44  cases  received 
compensation  for  temporary  partial  disability,  2  for  permanent  partial,  8  for 
temporary  total  (1  tuberculous),  and  3  for  permanent  total  (1  noted  as  tuber¬ 
culous).  Nine  cases  received  vocational  training.  Five  of  the  men  reported 
that  they  were  unable  to  work,  8  were  doing  light  work,  and  10  full  work. 

Of  the  252  cases  in  which  the  complete  Carrel-Dakin  technique  was  used 
after  operation,  167  replied  to  inquiries  2  concerning  their  condition.  This  is 
66.27  per  cent,  a  somewhat  smaller  proportion  than  in  the  other  two  groups. 
There  were  13  recurrences,  5.16  per  cent.  Of  these,  9  occurred  after  discharge 
from  the  Army,  1  after  return  to  quarters  before  discharge,  and  3  were  still  in 
the  service,  though  the  time  when  they  left  the  hospital  is  not  recorded.  Those 
receiving  compensation  for  disabilities  were  rated  as  follows :  Temporary  partial, 
5;  temporary  total,  4;  5  received  vocational  training.  None  was  reported  as 
tuberculous,  though  there  is  some  doubt  as  to  whether  all  the  cases  rated  for 
temporary  total  disability  were  not  tuberculous. 

These  data  are  too  incomplete  for  tabulation.  They  give  only  a  general 
idea  of  the  conditions  presented  by  cases  that  suffered  a  relapse.  There 
is  no  clear  indication  that  the  infecting  organism  originally  found  in  the  pleural 
exudate,  or  the  nature  of  the  disease  preceding  empyema,  had  any  influence 
in  determining  a  recurrence.  There  are  no  data  concerning  the  organisms 
present  n  the  fluid  after  relapse. 
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THE  BACTERIOLOGICAL  STUDY  OF  THE  PROGRESS  OF  DISINFECTION  AT 

CAMP  LEE. 

Before  it  is  possible  to  analyze  the  smaller  group  of  cases  mentioned  in 
the  preceding  section,  the  methods  of  study  must  be  considered  in  detail.  The 
most  complete  data  relative  to  the  action  of  solutions  of  sodium  hypochlorite  in 
the  sterilization  of  empyema  wounds  are  from  Camp  Lee.  Here  many  of  the 
cases  were  treated  throughout  by  irrigation,  and  others,  which  had  not  healed 
under  simple  drainage  within  three  or  four  months,  were  transferred  to  Carrel- 
Dakin  technique.  The  purpose  of  the  bacteriological  study  was  to  determine 
the  number  of  viable  bacteria  in  the  same  amount  of  pleural  exudate  at  in¬ 
tervals  during  the  period  of  antiseptic  treatment.  The  method  which  was 
employed  has  been  described  by  Garbat,  who  continued  this  study  on  the 
cases  of  empyema  that  were  transferred  from  Camp  Lee  to  General  Hospital 
No.  12  on  June  31,  1918. 4 

Samples  of  exudate  were  obtained  at  frequent  intervals  when  cases  were 
dressed.  These  samples  were  collected  by  filling  standard-sized  platinum  loops 
which  were  capable  of  holding  approximately  0.02  gram.  Each  sample  of 
exudate  was  immediately  mixed  with  about  1  c.  c.  of  a  sterile  1  per  cent  solution 
of  sodium  thiosulphate,  which  neutralized  any  chlorine  antiseptic  which  might 
remain  in  the  sample  from  the  previous  irrigation.  These  procedures  were 
carried  out  at  the  bedside  immediately  after  the  dressings  and  the  tubes  in¬ 
serted  in  the  cavity  had  been  removed,  but  before  the  cavity  was  irrigated. 

The  samples  were  then  taken  to  the  laboratory  and  thoroughly  mixed  in 
a  Petri  dish  with  defibrinated  blood  and  melted  agar.  After  the  agar  had 
solidified,  the  plates  were  incubated  for  24  hours  at  37°  C. 

As  far  as  possible,  the  walls  of  the  sinus  were  avoided  and  the  secretion 
was  taken  from  the  cavity.  This  precaution  was  necessary,  particularly  in 
cases  which  had  been  under  treatment  for  a  considerable  length  of  time.  In 
these  cases  the  tissues  of  the  thoracic  wall  fitted  closely  around  the  tubes  so 
that  the  secretions  between  the  tubes  and  walls  of  this  sinus  were  protected 
from  the  antiseptic  except  at  the  time  the  cavities  were  irrigated,  with  the 
drainage  tubes  removed.  These  secretions  usually  contained  bacteria  which 
had  invaded  the  sinus  in  spite  of  rigid  antisepsis  during  the  dressing  of  the 
wounds.  These  bacteria  had  been  free  to  multiply  until  swept  away  or  de¬ 
stroyed  at  the  next  irrigation.  Samples  of  this  material  could  not  give  a  true 
picture  of  the  bacteriologic  flora  of  the  main  part  of  the  draining  tract. 

When  disinfection  had  proceeded  to  a  point  where  sterility  was  nearly  or 
fully  attained,  the  secretions  within  the  cavity  were  often  so  scanty  that  the 
wire  loop  used  for  securing  the  sample  could  not  be  completely  filled.  Under 
these  circumstances  the  number  of  bacteria  could  only  be  approximated,  but 
a  sufficient  quantity  of  secretion  could  always  be  obtained  to  verify  or  disprove 
sterility. 

In  all  the  cases  studied  in  this  way  at  Camp  Lee,  the  primary  infections 
were  due  to  hemolytic  streptococci.5  The  use  of  blood-agar  as  a  culture 
medium  made  it  possible,  therefore,  not  merely  to  enumerate  the  total  number 
of  colonies  upon  the  plate,  but  also  to  distinguish  and  estimate  the  number  of 
these  bactena  piesent.  Ihe  counting  was  done  either  with  the  unaided  eye 
or  a  hand  glass,  or  under  the  low  power  lens  of  the  microscope;  a  series  of  frac- 
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tional  areas  of  the  plate  were  averaged  and  multiplied  by  the  proper  factor, 
thus  giving  the  approximate  number  for  the  entire  plate. 

In  some  of  the  cases  studied  in  this  way  the  application  of  Dakin’s  solution 
was  carried  out  immediately  after  thoracotomy.  In  other  instances  a  con¬ 
siderable  period  of  simple  drainage  had  intervened  between  the  operation  and 
the  institution  of  this  treatment.  The  data  concerning  these  changes  in  treat¬ 
ment,  the  time  when  hemolytic  streptococci  were  eliminated  from  the  pleural 
exudate,  and  the  time  of  wound  closure  or  healing  are  given  later  in  Tables 
45,  46,  and  47,  and  in  Chart  LXII. 


Chart  LIX.  Graphic  illustration  of  the  total  number  of  colonies  on  plates  made  at  intervals  during  the  disinfection 

of  cavities,  Camp  Lee,  Va. 


These  data  must  be  supplemented  by  following  the  fluctuations  in  the 
number  of  viable  organisms  present  in  the  exudate  from  time  to  time  during 
the  period  of  antiseptic  treatment.  These  fluctuations  in  24  cases  picked  at 
random  are  shown  in  Chart  LIX.  The  dates  on  which  the  exudate  was  sampled 
are  used  as  the  abscissae,  and  the  number  of  colonies  on  the  plated  cultures 
taken  for  the  ordinates.  These  are  plotted  on  a  logarithmic  scale,  with  an 
arbitrary  line  at  the  bottom  indicating  a  sterile  culture.  The  definite  ordinates 
range  between  10  colonies  on  the  plate  to  900,000.  By  using  this  logarithmic 
scale  great  differences  in  the  number  of  colonies  can  be  included  on  a  chart  of 
reasonable  proportions. 
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At  first  glance,  the  lines  upon  this  chart  appear  to  form  a  tangled  skein 
lying  between  1,000  and  100,000.  Some  of  the  lines  never  leave  this  zone  of  a 
fairly  constant  infection,  but  occasionally  a  line  descends  sharply,  indicating  a 
rapid  decrease  in  the  number  of  organisms  in  the  exudate.  In  a  few  instances 
this  descending  line  reaches  the  level  which  indicates  sterility.  In  some  in¬ 


stances  after  sterility  was  apparently  attained,  the  bacteria  were  again  found 
in  numbers  even  larger  than  those  obtained  on  any  previous  examinations. 

Notwithstanding  the  apparent  confusion  of  the  lines  in  this  chart,  it  is 
instructive  to  note  that  the  general  slope  of  the  descending  lines  does  not  vary 
to  any  considerable  extent.  It  is  equally  evident,  however,  that  the  course  of 
452G7° — 24 - 13 
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disinfection  was  far  from  uniform  in  the  majority  of  these  cases,  since  there 
are  great  variations  in  most  of  the  curves.  There  are  many  possible  expla¬ 
nations  of  these  wide  fluctuations.  One  is  undoubtedly  concerned  with  the 
bacteriological  technique  employed  in  the  study.  Some  of  the  samples  were 
unquestionably  contaminated  with  secretions  retained  between  the  drainage 
tube  and  sinus  wall  where  they  were  protected  from  the  action  of  Dakin’s  solu¬ 
tion.  It  was  extremely  difficult  to  avoid  this  secretion  when  the  sinuses  were 
long,  narrow,  and  tortuous. 

There  are  numerous  ways,  of  course,  in  which  disinfection  may  be  retarded 
or  thwarted.  Some  of  these  have  been  mentioned  in  the  early  part  of  this 
chapter.  Occasionally  foreign  bodies,  such  as  drainage  tubes,  pieces  of  rubber 
dam,  or  other  bits  of  dressings,  have  nullified  attempts  at  disinfection  by 
harboring  organisms  in  places  inaccessible  to  the  antiseptic.  Necrosis  and 
osteomyelitis  of  a  rib  have  discharged  infected  material  into  cavities,  causing 
repeated  reinfections  of  cases  which  would  otherwise  progress  favorably. 
Some  of  the  wide  fluctuations  in  the  chart  were  due  to  the  rupture  of  a  small 
encapsulation  which  was  not  drained  at  the  time  of  the  operation.  This  has 
occurred  frequently  after  the  cavities  were  practically  sterile.  Apparently  the 
solution  of  the  fibrinous  linings  of  the  cavities  by  Dakin’s  solution  opened  up 
the  secondary  pus  pockets. 

The  chart  which  has  been  under  consideration  gives  the  totals  of  the 
colonies  on  the  plates.  Since  the  bacteria  responsible  for  the  infection  in  all 
the  cases  at  Camp  Lee  were  hemolytic  streptococci,  it  is  important  to  study 
the  effect  of  antiseptic  treatment  on  these  bacteria.  Chart  LX  has  been 
prepared  for  this  purpose. 

Chart  LX  includes  only  those  cases  in  which  the  streptococci  were  elimi¬ 
nated  before  the  patients  were  transferred  from  Camp  Lee.  They  were,  there¬ 
fore,  continously  under  the  same  care  and  subjected  to  a  uniform  method  of 
study.  Ihe  figures  associated  with  the  curves  are  the  case  numbers  of  the 
patients,  and  serve  as  references  to  the  condensed  tables  (45,  46,  47)  of  the 
cases  at  the  end  of  this  chapter. 

The  chart  is  much  less  confusing  than  the  preceding  one,  because  these 
cases  were  selected  and  chance  contaminations  with  stray  organisms  were 
ignored.  Attention  was  directed  only  to  the  streptococcus.  The  chart  is  of 
interest  because  it  demonstrates  that  under  favorable  conditions  the  surgeon 
may  expect  to  sterilize  the  cavities  within  a  reasonably  short  interval.  A 
corollary  to  such  a  conclusion  would  be  that  when  disinfection  is  not  ac¬ 
complished  readily,  some  condition  within  the  thorax  or  in  the  chest  wall  or 
some  error  in  the  technique  employed  in  the  use  of  the  antiseptic  is  responsible. 

From  this  point  of  view,  Carrel-Dakin  technique  serves  not  merely  as  a 
useful  measure  to  promote  cure,  but  if  it  be  controlled  by  quantitative  bac¬ 
teriological  examinations  may  call  attention  to  complications  which  might 
otherwise  be  overlooked.  Failure  to  attain  sterilization  of  the  cavity  within 
a  reasonable  period  of  time  should  lead  to  a  study  of  the  case  in  order  to  dis¬ 
cover  the  conditions  causing  the  constant  reinfection. 
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THE  RELATION  BETWEEN  STERILIZATION  AND  WOUND  CLOSURE. 

The  preceding  review  of  the  bacteriological  methods  leads  to  a  considera¬ 
tion  of  the  application  of  these  methods  to  a  study  of  disinfection  and  wound 
closure.  In  the  section  on  the  effects  of  sodium  hypochlorite  antisepsis  on 
healing,  reference  was  made  to  a  smaller  yet  more  intensively  studied  group 
of  cases.  This  smaller  group  includes  102  cases  studied  at  Camp  Lee.6  They 
were  treated  in  the  same  manner  as  the  larger  series  but  are  subject  to  more 
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The  first  group  (Curve  I)  contains  42  cases  in  which  no  antisepsis  was 
applied  during  the  postoperative  care.  Among  these  there  were  three  recur¬ 
rences  appearing  a  considerable  time  after  the  wound  healed.  The  second 
group  (Curve  II)  includes  26  cases  in  which  Dakin’s  solution  was  used  for 
irrigation  at  the  time  dressings  were  changed,  and  also  for  intermittent  instil¬ 
lations  between  dressings  at  intervals  of  from  one  to  three  hours.  This  treat¬ 
ment  was  begun  within  a  short  time  after  the  first  operation.  In  this  group 
there  was  one  recurrence  after  the  wound  had  closed.  The  third  group  (Curve 
III)  comprises  34  cases  in  which  the  postoperative  treatment  was  simple 
drainage,  followed  after  an  interval  of  from  one  to  four  months  by  antiseptic 
treatment  with  Dakin’s  solution.  The  procedure  was  the  same  as  that  used  in 
the  second  group.  There  were  two  recurrences  after  the  thoracic  wound  had 
healed.  The  mean  period  of  wound  closure  for  each  of  these  groups  is  indi¬ 
cated  by  a  vertical  line  on  each  of  the  respective  curves.  Curves  I  and  II 
resemble  the  corresponding  curves  in  Chart  LYIII  which  was  based  on  a  much 
larger  number  of  cases.  In  Chart  LYIII,  however,  Curves  I  and  II  intersect 
at  a  shorter  interval  after  operation  at  a  time  when  a  smaller  percentage  of  the 
cases  had  healed.  It  is  the  intersection  of  these  two  curves  that  demands  study 
in  seeking  an  explanation  of  the  apparent  efficiency  of  simple  drainage. 

If  the  whole  series  of  102  cases  is  again  reviewed,  it  may  be  divided  into 
two  groups.  In  one  of  these  groups  Dakin’s  solution  was  promptly  used  after 
operation.  This  group  of  26  cases  is  represented  by  Curve  II.  The  other 
group  includes  those  cases,  76  in  number,  that  were,  at  least  for  some  time, 
treated  by  simple  drainage.  This  second  group  is  shown  as  Curve  IY.  Of 
these  cases,  25  healed  within  90  days,  or  before  the  time  after  operation  when 
cases  usually  pass  from  the  more  acute  to  the  more  chronic  condition.  Seven¬ 
teen  additional  cases  had  progressed  to  a  point  where  the  cavity  was  obliterated 
and  the  thoracic  wound  had  contracted  to  a  small  sinus  not  adjudged  to  require 
energetic  treatment.  There  were  34  cases  that  had  not  made  such  progress. 
They  were  still  draining  profusely  and  presented  cavities  of  varying  but  con¬ 
siderable  size.  These  cases  were  then  treated  with  Dakin’s  solution  of  sodium 
hypochlorite.  This  change  in  treatment  and  the  time  at  which  it  took  place 
are  of  such  importance  that  the  data  have  been  presented  in  graphic  form  in 
Chart  LXII.  Here  it  is  shown  that  the  transfers  were  most  frequent  in  the 
period  between  60  to  90  days  after  operation,  and  that  in  27  of  the  34  cases, 
nearly  80  per  cent,  simple  drainage  had  preceded  antiseptic  treatment  for  at 
least  two  months.  The  mean  interval  after  operation  when  antiseptic  treat¬ 
ment  was  begun  was  90  days,  whereas  in  the  cases  promptly  treated  it  was  nine 
days.  The  90-day  interval  closely  approximates  that  at  which  empyema  cases 
become  chronic,  that  is,  when  the  production  of  healthy  granulation  tissue  is 
checked  by  cicatricial  changes,  and  the  healing  process  becomes  indolent. 
The  contractions  of  the  newly  formed  tissues  at  this  stage  militate  against  free 
drainage  of  any  considerable  cavity  that  may  persist,  and  also  restrict  the 
thoroughness  with  which  antiseptic  treatment  can  be  applied.  It  is  not  sur¬ 
prising,  therefore,  to  find  that,  taken  collectively,  these  transferred  cases  proved 
more  refractory  than  those  that  did  well  under  simple  drainage  or  that  re¬ 
ceived  a  more  prompt  antiseptic  treatment. 

It  should  be  stated  that  in  many  of  the  transferred  cases  the  adverse  con¬ 
ditions  following  a  protracted  septic  inflammation  had  to  be  corrected  by  a 
dilatation  of  the  sinus  or  a  second  operation,  before  treatment  of  the  cavity 
with  Dakin’s  solution  could  be  efficiently  carried  out. 
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To  return  to  a  further  consideration  of  Chart  LXI,  Curve  IV  necessarily 
lies  between  Curves  I  and  III,  since  it  is  based  on  the  cases  represented  in  these 
curves.  Curve  IV,  which  lies  considerably  to  the  right  of  Curve  II,  represents 
the  cases  promptly  treated  with  Dakin’s  solution.  In  the  aggregate,  the  cases 
that  received  prompt  Dakin  treatment  closed  in  a  shorter  period  of  time  than 
those  in  which  this  treatment  was  delayed  or  entirely  omitted. 

Since  the  purpose  of  antiseptic  treatment  is  the  elimination  of  the  infecting 
organisms,  bacteriological  studies  relative  to  the  progress  of  disinfection  become 


Chart  LXII. — Graphic  illustration  of  Camp  Lee  cases  showing  the  effect  of  antisepsis  with  neutral  solution  of  sodium 
hypochlorite  on  the  healing  of  empyema  wounds  after  the  first  operation.  The  height  of  the  upright  columns  indi¬ 
cates  the  number  of  days  which  elapsed  in  each  case  before  complete  and  final  closure  of  the  wound.  At  the  extreme 
left  is  a  series  of  42  cases  which  healed  under  simple  tube  drainage  without  antisepsis  (see  Table  47).  In  the  center 
is  a  series  of  34  cases  first  treated  by  simple  drainage  and  subsequently  transferred  to  irrigations  with  Dakin’s  solution 
(see  Table  45).  The  time  of  simple  drainage  is  represented  by  the  cross-hatched  portion  of  the  column  after  which  the 
cases  were  transferred  to  antisepsis.  The  time  which  elapsed  before  healing  by  antisepsis  is  represented  by  the  dotted 
and  white  portion,  the  dotted  part  representing  the  interval  when  streptococci  were  still  present  and  the  white  part 
when  they  were  no  longer  found  in  the  cultures  of  the  wounds.  At  the  extreme  right  is  a  series  of  26  cases  treated 
throughout  their  course  by  irrigations  (see  Table  46).  The  average  mean  period  is  represented  by  the  column  at  the 
right  of  each  series. 

of  importance  in  the  further  analysis  of  these  cases.  There  are  no  such  data 
on  the  cases  treated  solely  by  simple  drainage.  Of  the  42  cases  in  this  group 
there  are  no  bacteriological  data  for  18.  Of  the  remaining  24,  three  showed 
pneumococci,  and  the  rest  hemolytic  streptococci. 

Bacteriological  data  are  available  for  the  two  groups  treated  with  Dakin’s 
solution.  "W ithout  exception  they  were  associated  with  hemolytic  streptococci. 

In  addition  to  these  data  the  approximate  dates  on  which  the  streptococci 
were  finally  eliminated  from  the  cavities  are  known.  The  distribution  of  the 
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intervals  between  the  operations  and  the  elimination  of  the  streptococci  from 
the  wounds  in  the  cases  represented  in  Curves  II  and  III  has  been  charted. 
These  curves  are  marked  UHS”  and  the  mean  intervals  indicated  by  vertical 
lines. 

It  is  of  practical  interest  to  note  that  the  mean  intervals  of  time  between 
the  elimination  of  the  hemolytic  streptococcus  and  closure  of  the  wound  in 
the  two  groups  in  which  Dakin’s  solution  was  used  show  a  difference  of  only 
two  weeks,  notwithstanding  a  difference  of  approximately  four  months  in  the 
respective  mean  intervals  of  wound  closure.  In  the  Dakin-prompt  cases  the 
mean  time  for  streptococcus  elimination  was  51.1  days;  for  wound  closure  107.9 
days.  The  difference  between  these  is  56.8  days.  The  mean  time  for  the 
elimination  of  streptococci  in  the  Dakin-delayed  cases  was  163.1  days;  for 
wound  closure  233.8  days.  Here  the  difference  is  70.7  days. 
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Chart  LXIII. — Graphic  illustration  of  the  parallelism  between  the  disappearance  of  hemolytic  streptococci  from  wounds 
and  closure  of  the  cavities  of  cases  at  Camp  Lee,  Va.  Curves  A,  B,  and  C  are  for  wound  closure  and  A',  B',  C'  for 
elimination  of  hemolytic  streptococci.  Curves  A  and  A'  represent  the  effect  of  prompt  treatment  with  Bakin’s  solu¬ 
tion  of  sodium  hypochlorite.  Curves  B  and  B'  delayed  treatment,  and  curves  C  and  C'  all  cases.  The  successive 
mean  intervals  are  drawn  on  a  logarithmic  scale. 

From  these  data  it  appears  justifiable  to  conclude  that  the  chief  hindrance 
to  closure  of  the  wound  was  a  persistent  infection  with  streptococci,  and  that 
the  use  of  Dakin’s  solution  was  markedly  helpful  in  overcoming  this  infection. 

There  remains  for  consideration  the  question  as  to  whether  this  relation 
between  the  mean  intervals  for  the  elimination  of  the  streptococcus  and  wound 
closure,  which  are  so  nearly  identical  after  the  use  of  Dakin’s  solution  in  these 
two  groups,  expresses  the  relation  which  exists  between  the  intervals  through¬ 
out  the  series  of  cases.  Chart  LXIII  has  been  prepared  on  a  logarithmic  scale 
to  illustrate  the  ratios  between  these  intervals  throughout  the  series. 

There  is  a  very  close  parallelism  between  the  curves  representing  the 
elimination  of  the  streptococcus  and  wound  closure.  This  is  most  striking 
in  the  curves  for  delayed  treatment,  but  is  clearly  evident  in  those  for  prompt 
treatment  in  spite  of  a  slight  lag  in  the  first  half  of  the  cases.  This  chart  shows 
that  this  relation  between  sterilization  and  wound  closure  is  nearly  uniform 
and  that  it  is  justifiable  to  extend  the  deductions  based  upon  a  comparison 
of  the  means  to  all  parts  of  the  series. 

The  figures  upon  which  the  curves  in  Charts  LXI,  LXII,  and  LXIII,  are 
based  are  given  in  Tables  39  to  47. 
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It  will  be  noticed  that  in  grouping  the  cases  at  Camp  Lee  into  those  in 
which  treatment  was  prompt  and  those  in  which  it  was  delayed,  a  few  cases 
appear  to  be  misplaced.  The  decision  in  these  cases  was  based  on  the  character 
of  the  operation.  Those  cases  in  which  the  operation  was  done  with  a  view  to 
the  introduction  of  Carrel  tubes  distributed  to  all  parts  of  the  cavity  are  in¬ 
cluded  in  the  Dakin-prompt  class  even  when  the  antiseptic  applications  did 
not  immediately  follow  the  operation.  The  number  of  these  exceptional  cases 
is  not  large  enough  to  greatly  influence  the  deductions  which  may  be  drawn 
from  the  data  taken  collectively. 

Table  39. a — Wound  closure  after  the  first  operation  among  cases  treated  by  simple  drainage,  distributed 

according  to  the  successive  mean  periods — Camp  Lee ,  Va. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
i  n  third 
group . 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Third. 

Second. 

First. 

42 

25 

12 

5 

11.90 

44.0 

54.25 

67.  48 

89.9 

7 

16.67 

59. 1 

13 

7 

16.67 

74.7 

79.70 

6 

14.29 

85.8 

17 

11 

6 

14.29 

94.0 

99.  55 

122.9 

5 

11.90 

106 

6 

3 

7.14 

149 

165.7 

3 

7. 14 

182 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


Table  40 V — Wound  closure  after  first  operation  among  cases  promptly  treated  with  neutral  solution 
of  sodium  hypochlorite ,  distributed  according  to  the  successive  mean  periods — Camp  Lee,  Va. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
in  third 
group 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Third. 

Second. 

First. 

26 

14 

10 

4 

15.4 

44.3 

51.4 

60.5 

107.9 

6 

23. 1 

56.2 

4 

2 

7.7 

68.0 

83.3 

2 

7.7 

98.  5 

12 

1 

5 

3 

11.5 

111.  7 

116.4 

163.2 

2 

7.7 

123.  5 

7 

5 

19.2 

180.  6 

196.6 

2 

7.7 

236.  5 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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Table  41  a — Elimination  of  hemolytic  streptococci  after  the  first  operation  among  cases  promptly  treated 

with  neutral  solution  of  sodium  hypochlorite,  distributed  according  to  the  successive  mean  periods _ 

Camp  Lee,  Va. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
o?  total 
in  third 
group . 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Third. 

Second. 

First. 

26 

16 

10 

5 

19.2 

16.2 

18.7 

24.8 

1 

51.1 

i 

5 

19.  2 

21.2 

6 

3.5 

13.5 

30.7 

35.0 

2.5 

9.6 

41.0 

10 

7 

4 

15.4 

73.0 

78.0 

93.2 

3 

11.5 

84.7 

3 

2 

7.7 

122 

129 

1 

3.9 

142 

°  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


Table  42 .a— Wound  closure  after  the  first  operation  among  cases  treated  with  neutral  solution  of 
sodium  hypochlorite  after  a  period  of  simple  drainage ,  distributed  according  to  the  successive  mean 
periods — Camp  Lee,  Va. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
in  third 
group . 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Third. 

Second. 

First. 

8 

3 

8.8 

109.3 

135.  5 

17 

5 

14.7 

151.2 

180.5 

Q 

3 

8.8 

208.7 

220.6 

34 

6 

17.6 

226.5 

234.1 

10 

5 

14.7 

245.6 

255.5 

17 

5 

14.7 

265.4 

287.7 

7 

4 

11.8 

302.8 

333.6 

3 

8.8 

374.  7 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


Table  43 . a— Elimination  of  hemolytic  streptococci  after  the  first  operation  among  cases  treated  with 
Dakin  s  solution  of  sodium  hypochlorite ,  after  a.  period  of  simple  drainage,  distributed  according 
to  the  successive  mean  periods — Camp  Lee,  Va. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
in  third 
group. 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Third. 

Second. 

First. 

7 

2 

5.9 

44.5 

83. 1 

15 

5 

14.7 

98.6 

112.7 

8 

4 

11.8 

128.  3 

138.5 

34 

4 

11.8 

148.8 

163.1 

10 

4 

11.8 

172.3 

181.7 

19 

6 

17.6 

188.0 

202.9 

9 

5 

14.7 

208.8 

4 

11.8 

248.5 

ZZD.  4 

°  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
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Table  44/* — Wound  closure  after  the  first  operation  among  cases  treated  by  simple  drainage ,  and 
including  those  subsequently  receiving  Carrel-Dakin  treatment,  distributed  according  to  the  suc¬ 
cessive  mean  periods. — A  composite  table  of  cases  in  Tables  39  and  4% — Camp  Lee ,  Va. 


Distribution. 

Cases. 

Mean  periods  in  days. 

Total 

number. 

Successive  groups. 

Per  cent 
of  total 
in  third 
group. 

Successive  groups. 

Average 

mean 

period. 

First. 

Second. 

Third. 

Third. 

Second. 

First. 

76 

43 

21 

11 

14.5 

53. 1 

03. 8 

85.2 

154.4 

10 

13.2 

75.6 

22 

15 

19.  7 

94.6 

105.6 

7 

9.2 

157.9 

33 

18 

8 

10.5 

173.  3 

203.1 

244.6 

10 

13.2 

227.0 

15 

9 

11.8 

263.6 

294.3 

6 

7.9 

340.5 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 


Table  45.° — Camp  Lee  cases  (total,  34)  treated  with  Dakin’’  s  solution  of  sodium  hypochlorite  following 

a  period  of  simple  drainage. 

[The  table  shows  the  intervals  between  the  operation,  the  beginning  of  antisepsis,  the  sterilization  of  the  wounds,  and  final 

healing.  The  data  are  used  directly  without  modification  in  Chart  LXII.l 


Case  No  A 

First 

opera¬ 

tion. 

Antisepsis  begun. 

Hemolytic  strepto¬ 
cocci  absent. 

Wound  closed. 

1918 

1918 

Days 

after 

opera¬ 

tion. 

1918 

Days 
after 
opera¬ 
tion,  c 

1918-19 

Days 
after 
opera¬ 
tion.  d 

4 . 

Jan.  3 

Mav  13 

130 

Sept.  12 

252 

Sept.  24 

264 

17 . 

Jan.  18 

Aug.  13 

207 

Aug.  21 

215 

Nov.  6 

292 

21 . 

Jan.  3 

May  23 

140 

Aug.  27 

236 

Sept.  28 

268 

22 . 

Jan.  5 

June  22 

168 

Julv  16 

192 

Sept.  27 

265 

30 . 

Jan.  18 

Apr.  8 

80 

July  23 

191 

Aug.  27 

221 

33 . 

Feb.  14 

Apr.  26 

71 

July  11 

146 

Sept.  22 

220 

39 . 

Feb.  2 

Apr.  27 

84 

June  12 

130 

June  20 

138 

41 . 

Jan.  15 

Apr.  30 

105 

May  15 

120 

May  25 

130 

42 . 

Jan.  26 

Apr.  11 

75 

June  27 

151 

July  11 

166 

43 . 

Jan.  9 

June  3 

145 

July  11 

183 

Aug.  27 

230 

44 . 

Jan.  10 

Apr.  28 

108 

May  21 

131 

June  6 

146 

46 . 

Jan.  15 

July  5 

171 

Aug.  6 

203 

Sept.  25 

253 

48 . 

Jan.  14 

June  12 

149 

Julv  11 

176 

Aug.  27 

225 

49 . 

Jan.  18 

Apr.  9 

81 

July  25 

186 

Nov.  15 

301 

54 . 

Jan.  31 

J  une  3 

121 

July  16 

166 

Sept.  23 

235 

Feb.  12 

Apr.  29 

76 

July  19 

157 

Apr.  5 

417 

69 . 

Jan.  28 

Apr.  25 

90 

Sept.  22 

227 

Dec.  26 

347 

71 . . . 

Feb.  7 

Mar.  29 

50 

May  12 

94 

Mav  15 

97 

73 . 

Feb.  1 

Apr.  28 

86 

July  24 

172 

«Jan.  26 

360 

74 . 

Feb.  7 

Apr.  14 

66 

May  20 

102 

July  21 

164 

75 . 

Feb.  9 

Apr.  25 

75 

Aug.  21 

193 

Sept.  24 

226 

77 . 

Feb.  5 

Apr.  27 

81 

Sept.  3 

210 

Oct.  11 

248 

79 . 

Feb.  7 

Apr.  24 

76 

May  23 

105 

Sept.  11 

216 

80 . 

Feb.  19 

Apr.  27 

67 

Aug.  21 

183 

Oct.  3 

226 

81 . 

Feb.  20 

Apr.  30 

69 

Sept.  12 

204 

Oct.  9 

231  R 

82 . 

Feb.  12 

Sept.  3 

203 

Nov.  18 

279 

eJan.  7 

321 

84 . 

. . .do. . . . 

Mar.  28 

44 

Mav  15 

92 

Oct.  10 

240 

86 . 

Feb.  25 

Apr.  27 

63 

Sept.  23 

212 

Nov.  16 

266  R 

88 . 

. .  -  do _ 

.  ..do. . . . 

61 

July  16 

141 

. .  .do _ 

264 

89 . 

Mar.  1 

Apr.  6 

36 

Apr.  18 

49 

July  11 

101 

91 . 

Mar.  9 

Mar.  25 

16 

Julv  19 

132 

July  29 

142 

110 . 

Mar.  31 

Apr.  27 

27 

Sept.  22 

175 

Dec.  8 

252 

Apr.  6 

.  ..do - 

21 

May  16 

40 

e  J  an .  8 

297 

116 . 

Apr.  8 

...do _ 

19 

July  17 

100 

Oct.  15 

190 

Average  mean . 

90.  0 

163.  1 

234.1 

a  Source  of  information:  Special  empyema  reports  made  to  the  O  ffice  of  the  Surgeon  General 
b  The  cases  are  listed  chronologically  according  to  the  dates  af  admission  to  the  base  hospital 
c  These  intervals  have  been  used  to  compute  the  successive  mean  periods  in  Table  13. 
d  These  intervals  have  been  used  to  compute  the  successive  mean  periods  in  Table  42. 
e  1919.  R= Recurrence  after  healing. 
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Table  46.° — Camp  Lee  cases  ( total ,  26)  treated  promptly  by  neutral  solution  of  sodium  hypochlorite. 

[This  table  gives  the  dates  of  the  operations,  the  day  on  which  antisepsis  was  begun,  the  dates  of  sterilization,  and  the  day 
on  which  the  wounds  were  considered  healed.  The  intervals  have  been  calculated.  The  time  intervals  have  been  used 
directly  in  the  preparation  of  Chart  LXII.] 


Case  No.£> 

First 

opera¬ 

tion. 

Antisepsis  begun. 

Hemolytic  strepto¬ 
cocci  absent. 

Wound  closed. 

1918 

1918 

Days 

after 

opera¬ 

tion. 

1918 

Days 
after 
opera¬ 
tion,  c 

1918 

Days 
after 
opera¬ 
tion.  d 

92  e . 

Mar.  3 

Julv  1 

120 

July  23 

142 

Aug.  '  27 

177 

93 . 

Apr.  25 

Apr.  27 

2 

May  13 

18 

July  1 

67 

94 . 

May  16 

May  18 

2 

June  6 

21 

Julv  29 

104 

97 . 

Mar.  7 

Mar.  15 

8 

May  20 

74 

July  27 

112 

98 . 

Mar.  21 

Mar.  21 

0 

July  16 

117 

Dec.  15 

269 

99 . 

Mar.  9 

Mar.  9 

0 

May  20 

71 

June  29 

111 

100 . 

Mar.  11 

Apr.  1 

21 

July  16 

127 

Oct.  1 

204 

101 . . . 

Mar.  23 

Apr.  7 

15 

May  9 

47 

...do.. .. 

192 

102 . 

Mar.  22 

Mar.  22 

0 

Apr.  26 

35 

May  14 

53 

103 . 

Mar.  14 

Mar.  14 

0 

May  23 

70 

Sept.  6 

176 

106 . 

June  6 

June  6 

0 

Aug.  21 

76 

Sept.  27 

112 

108 . 

Apr.  28 

May  2 

4 

June  6 

32 

June.  27 

60 

Ill . 

Apr.  12 

Apr.  12 

0 

May  20 

38 

June  10 

59 

118 . . . 

May  7 

May  12 

5 

Aug.  2 

87 

Aug.  27 

117 

117 . 

.  do. 

.do. 

5 

.Tnnft  1 

25 

Ti^ly  15 

69 

119 . 

Apr.  29 

May  10 

11 

July  21 

83 

Oct.  10 

164 

120 . 

Apr.  28 

May  11 

13 

May  18 

20 

June  27 

60  R 

121 . 

May  7 

Mav  17 

10 

July  30 

84 

Sept.  14 

130 

125/ . 

Apr.  27 

Apr.  29 

2 

May  14 

17 

Juno  15 

49 

128 . 

May  4 

May  10 

6 

June  6 

33 

Aug.  5 

93 

130 . 

May  22 

May  22 

0 

...do _ 

15 

Dec.  22 

194 

132 . 

May  1 

May  7 

6 

May  20 

19 

June  22 

52 

133 . 

May  7 

.  ..do _ 

0 

May  21 

14 

June  15 

39 

136 . 

May  3 

...do _ 

4 

May  24 

17 

June  10 

38 

138 . 

May  14 

May  14 

0 

June  6 

23 

Julv  4 

51 

141 . 

May  6 

May  6 

0 

May  29 

23 

June  28 

53 

Average  mean . 

9.  0 

51. 1 

107.9 

1 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
b  The  cases  are  listed  chronologically  according  to  the  dates  of  admission  to  the  base  hospital, 
c  These  intervals  have  been  used  to  compute  the  successive  mean  periods  in  Table  41. 
d  These  intervals  have  been  used  to  compute  the  successive  mean  periods  in  Table  40 

e  Treatment  with  Dakin’s  solution  was  attempted  at  intervals,  beginning  soon  after  the  operation,  but  had  to  be 
stopped  because  of  a  large  pleurobronchial  communication.  The  treatment  could  not  be  used  intensively  until  120  days 
after  the  first  operation. 

1  Treated  with  dichloramine-T,  5  per  cent  in  chlorcosane,  throughout,  except  for  an  occasional  irrigation  with  Dakin’s 
solution  at  the  time  dressings  were  changed. 

R= Recurrence  after  healing. 


Table  47. a — Camp  Lee  cases  (total,  42)  treated  by  simple  drainage  without  antisepsis. 
[This  table  gives  the  interval  in  days  before  wound  closure.  Chart  LXII  shows  these  intervals  graphically.] 


First 

opera¬ 

tion. 

Wound  closed. 

Case  No.b 

1918 

1918 

Days 
after  first 
opera¬ 
tion,  c 

2 . 

Jan.  1 

Mar.  26 

84 

3 . 

Apr.  16 

105 

5 . 

Jan.  16 

Apr.  10 

84 

9 . 

Jan.  5 

June  26 

166 

10 . 

Jan.  4 

June  15 

162 

13 . 

Jan.  10 

Apr.  16 

96 

15 . 

Jan.  5 

July  19 

194 

16 . 

Jan.  7 

Apr.  5 

93 

18 . 

Jan.  5 

Mar.  27 

86 

19 . 

Jan.  15 

May  1 

76 

23 . 

Jan.  5 

Apr.  26 

111 

24 . 

Jan.  2 

May  16 

104 

25 . 

Jan.  9 

Mar.  9 

59 

26 . 

Jan.  1 

Apr.  7 

96 

27 . 

Jan.  2 

Mar.  30 

87 

31 . 

. . .do. . . . 

July  6 

186  R 

32 . 

Jan.  14 

Apr.  19 

95 

34 . 

Jan.  23 

Apr.  12 

79 

36 . 

Feb.  23 

Apr.  15 

51 

37 . 

Jan.  14 

Apr.  10 

86 

38 . 

Jan.  22 

June  30 

158 

40 . 

Jan.  23 

Apr.  21 

88  R 

Case  No.b 

First 

opera¬ 

tion. 

Wound  closed. 

1918 

1918 

Days 
after  first 
opera¬ 
tion. c 

45 . 

Jan.  14 

Anr.  15 

91 

47 . 

Jan.  18 

Mar.  28 

69 

50 . 

Jan.  15 

Mar.  25 

69 

51 . 

Jan.  28 

Mar.  16 

47 

52 . 

Jan.  14 

Feb.  12 

29 

53 . 

Jan.  13 

Mar.  25 

71 

55 . 

Feb.  4 

May  25 

110 

56 . 

Jan.  17 

Apr.  20 

93  R 

57 . 

Feb.  23 

July  1 

128 

58 . 

Jan.  19 

Apr.  30 

101 

60 . 

Jan.  26 

Mar.  19 

52 

61 . 

Feb.  7 

Apr.  26 

78 

62 . 

Feb.  13 

Apr.  5 

51 

63 . 

Feb.  20 

Apr.  22 

61 

64 . 

Jan.  29 

Apr.  18 

79 

67 . 

Feb.  7 

Apr.  15 

67 

68 . 

Feb.  13 

Apr.  10 

56 

70 . 

Feb.  11 

Apr.  12 

60 

72 . 

.do. 

Apr.  15 

63 

83 . 

Feb.  20 

Apr.  16 

55 

Average  mean . 

89.9 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 
b  The  cases  are  listed  chronologically  according  to  the  dates  of  admission  to  the  base  hospital. 
c  These  intervals  have  been  used  to  compute  the  successive  mean  periods  in  Table  39. 

R= Recurrence  after  healing. 
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THE  EFFECTS  OF  ANTISEPSIS  WITH  NEUTRAL  SOLUTION  OF  SODIUM  HYPO¬ 
CHLORITE  ON  THE  FINAL  CONDITION  OF  PATIENTS  AFTER  DISCHARGE. 

At  the  beginning  of  this  section  reference  was  made  to  a  statistical  study 
of  cases  based  upon  the  replies  to  follow-up  letters.  These  replies  give  informa¬ 
tion  concerning  ability  to  work,  dyspnea,  pain,  persistent  cough,  and  symptoms 
referred  to  the  heart  by  the  man  himself.  The  reports  upon  work  may  be 
divided  into  the  following  three  classes:  Heavy  work,  light  work,  and  no  work. 
These,  together  with  the  four  symptoms,  make  seven  simple  categories.  They 
may,  however,  be  associated  in  pairs,  in  threes,  fours,  or  even  fives.  For 
example,  a  man  may  report  that  he  is  doing  heavy  work,  but  has  pain,  or  pain 
and  dyspnea,  or  pain,  dyspnea  and  cough.  He  may  state  that  he  has  pain, 
dyspnea,  a  persistent  cough,  palpitation  of  the  heart,  and  is  unable  to  work. 

When  the  possible  permutations  of  these  data  have  been  listed  and  the 
number  of  cases  under  each  heading  ascertained  in  respect  of  two  or  more  groups 
of  cases,  selected  because  of  some  specified  difference  in  the  histories,  it  is 
possible  to  calculate  the  probabilities  as  to  whether  the  divergences  revealed 
by  the  aggregate  of  follow-up  data  depart  in  any  marked  degree  from  that 
which  would  have  resulted  had  the  selection  been  made  at  random.  The  method 
which  has  been  used  to  calculate  these  probabilities  is  known  as  the  chi-square 
test.  This  mode  of  mathematical  analysis  has  been  applied  to  the  three  groups 
of  cases  already  studied  regarding  wound  closure,  namely,  (1)  those  in  which 
the  postoperative  treatment  was  simple  drainage,  (2)  those  in  which  Dakin’s 
solution  was  used  with  a  partial  Carrel  technique,  and  (3)  those  in  which  the 
full  technique  was  followed.® 

Applying  this  test  to  a  comparison  of  simple  drainage  with  partial  Dakin 
treatment  in  so  far  as  work  and  symptoms  are  concerned,  the  equations  X 2 
—  83.98  and  P  =  0.007  were  obtained.  This  means  that  the  data  as  submitted 
would  have  arisen  on  the  basis  of  chance  seven  times  in  1,000  trials.  In  other 
words,  the  partial  Dakin  treatment  gave  significantly  better  results  in  so  far  as 
work  and  symptoms  were  concerned  than  simple  drainage. 

Comparing  in  the  same  way  simple  drainage  with  full  Dakin  treatment,  the 
expressions  were  X2  =  88.02,  P  =  0.0005.  This  again  means  that  this  anti¬ 
septic  treatment  was  significantly  better  than  simple  drainage. 

A  comparison  of  the  partial  with  the  full  Dakin  treatment,  also  regard¬ 
ing  work  and  symptoms,  gave:  X2—  66.74,  P  —  0.08.  Here  the  results  favor 
the  full  technique,  but  the  degree  of  superiority  is  of  a  somewhat  lower  order 
than  that  revealed  in  the  previous  comparisons. 

From  these  results  it  appears  safe  to  conclude  that  Dakin’s  solution  when 
used  with  the  full  Carrel  technique  gave  better  ultimate  results  than  when  it 
was  used  less  intensively  and  that  either  use  of  the  solution  was  followed  by 
a  better  condition  of  the  patient  than  when  simple  drainage  without  antisepsis 
was  the  postoperative  treatment. 

The  comparisons  were  carried  further,  with  the  following  results:  Partial 
Dakin  treatment  gave  better  results  than  simple  drainage  regarding  work, 
pain  and  probably,  though  not  quite  certainly,  dyspnea.  In  so  far  as  cough 
and  heart  symptoms  were  concerned,  there  was  no  significant  difference. 


a  The  actual  calculations  were  kindly  undertaken  by  Prof.  Raymond  Pearl,  of  the  Johns  Hopkins  University. 
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Full  Carrel-Dakin  treatment  gave  better  results  than  simple  drainage  regard¬ 
ing  dyspnea  and  probably,  though  not  quite  certainly,  work,  pain,  cough,  and 
heart  symptoms. 

It  will  be  recalled  that  preceding  studies  have  shown  that  man 37-  of  the 
cases  which  eventually  received  treatment  with  Dakin’s  solution  were  of  a 
more  refractory  nature  than  those  which,  when  simply  drained,  healed  within 
a  reasonable  length  of  time.  It  would  be  of  value  to  know  whether  this  differ¬ 
ence  in  the  readiness  with  which  cases  healed  was  associated  with  differences 
in  the  pathology  of  the  cases  as  indicated  by  the  diseases  preceding  empyema 
and  the  organisms  present  in  the  pleural  exudate.  The  actual  data  bearing 
on  this  question  will  be  found  in  tables  at  the  end  of  this  chapter.  But  these 
data  also  were  submitted  to  the  chi-square  test,  because  this  made  it  possible 
to  study  permutations  which  would  obscure  the  meaning  if  presented  in  tab¬ 
ular  form  only  and  would  yield  very  complex  charts. 

The  antecedent  diseases  chosen  for  this  purpose  were  measles,  influenza, 
lobar  pneumonia,  and  bronchopneumonia.  These  embrace  practically  all  of 
the  cases.  The  infecting  organisms  were  classed  as  pneumococci,  diplococci, 
streptococci,  staphylococci,  and  “ unknown.”  In  this  problem  the  data  were 
considered  only  in  pairs,  for  there  was  for  each  case  but  a  single  antecedent 
disease  and  a  single  infecting  organism.  In  some  instances  there  were  too  few 
of  a  given  combination  to  have  statistical  significance;  for  example,  there  was 
no  case  of  empyema  following  lobar  pneumonia  and  treated  with  Dakin-full 
technique  in  which  staphylococci  were  found  in  the  exudate.  There  were, 
however,  16  useful  categories  into  which  the  data  concerning  antecedent  dis¬ 
eases  and  infecting  organisms  could  be  grouped  under  the  headings  of  simple 
drainage,  Dakin-part,  and  Dakin-full  treatment. 

Applying  the  chi-square  test  to  these  data,  it  resulted  in  showing  a  marked 
degree  of  selection.  The  expressions  indicating  this  were  as  follows:  Simple 
drainage  compared  with  partial  Dakin,  X2=  111.975,  P  =  0;  simple  drainage 
compared  with  Dakin-full  technique,  AT2  =  26.523,  P  =  0.022;  Dakin-part  com¬ 
pared  with  Dakin-full,  AT2  =  31.90,  P  =  0.003. 

This  method  of  statistical  analysis  does  not  offer  any  medical  interpreta¬ 
tion  of  the  results,  but  merely  shows  that  the  distribution  of  the  cases  in  respect 
to  the  mode  of  treatment  was  not  fortuitous  but  was  influenced  in  the  aggre¬ 
gate  by  the  pathology  of  the  cases. 

As  a  final  summing  up  of  all  the  foregoing  studies  it  is  reasonable  to  con¬ 
clude  that  the  more  complex  and  refractory  cases  were  the  ones  which  even¬ 
tually  came  under  antiseptic  treatment  with  Dakin’s  solution,  and  that  this 
treatment  proved  of  very  marked  benefit. 
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Table  48.® — Data  on  symptoms  used  in  applying  the  chi-square  test. 


Simple 

drain¬ 

age. 

I)  akin- 
part. 

Bakin- 

full. 

w . 

94 

88 

24 

lw . 

36 

16 

11 

Ow . 

7 

9 

2 

d . 

6 

8 

6 

P . 

9 

9 

8 

c . 

0 

3 

1 

h . 

7 

6 

3 

w-d . 

22 

19 

8 

w-p . 

83 

55 

14 

w-c . 

6 

8 

0 

w-h . 

0 

1 

0 

lw-d . 

22 

11 

1 

Iw-p . 

85 

35 

15 

lw-c . 

6 

3 

0 

lw-h . 

5 

0 

0 

Ow-d . 

4 

6 

0 

Ow-p . 

13 

10 

3 

Ow-c . 

0 

1 

0 

Ow-h . 

2 

1 

1 

w-d-p . 

34 

34 

13 

w-d-c . 

3 

6 

1 

w-d-h . 

1 

0 

2 

Iw-d-p _ 

lw-d-c _ 

lw-d-h _ 

Ow-d-p... 
Ow-d-c . . . 
Ow-d-h. . . 

w-p-c . 

w-p-h _ 

1  w-p-c _ 

1  w-p-h _ 

Ow-p-c . . . 
O  w-p-h.. . 

w-c-h . 

Iw-c-h _ 

Ow-c-h . . . 
w-d-p-c. . . 
w-d-p-h . . 
1  w-d-p-c. . 
1  w-d-p-h. 
Ow-d-p-c. 
O  w-d-p-h 


Simple 

drain¬ 

age. 

B  akin- 
part. 

Bakin- 

full. 

Simple 

drain¬ 

age. 

B  akin- 
part. 

Bakin- 

full. 

67 

36 

13 

w-d-p-c-h. . 

0 

0 

0 

8 

4 

1 

lw-d-p-c-h.. 

2 

0 

3 

4 

4 

1 

0  w-d-p-c-h. 

1 

2 

0 

8 

8 

3 

w-d-c-h . 

2 

0 

2 

0 

3 

0 

lw-d-c-h _ 

0 

1 

0 

2 

0 

0 

Ow-d-c-h... 

1 

0 

0 

16 

6 

3 

lw-p-c-h _ 

1 

0 

0 

3 

3 

0 

Ow-p-c-h... 

0 

1 

0 

28 

12 

3 

d-p . 

8 

18 

7 

13 

10 

2 

d-c . 

2 

2 

1 

4 

2 

0 

■d-h . 

0 

0 

1 

2 

1 

0 

p-c . 

9 

5 

0 

0 

0 

0 

p-h . 

2 

2 

0 

0 

1 

0 

c-h . 

0 

0 

0 

0 

0 

0 

d-p-c . 

2 

10 

2 

10 

3 

2 

d-p-h . 

1 

1 

2 

3 

1 

0 

d-c-h . 

0 

1 

0 

25 

12 

0 

d-p-c-h . 

0 

0 

0 

10 

5 

3 

p-c-h . 

1 

1 

2 

3 

5 

2 

1 

1 

0 

684 

488 

166 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 

w,  heavy  work;  lw,  light  or  limited  work;  Ow,  no  work;  d,  dyspnea;  p,  pain;  c,  persistent  cough;  h,  heart  symptoms. 


Table  49°. — Data  on  antecedent  diseases  and  associated  microorganisms  used  in  applying  the  chi-square 

test. 


Simple 

drain¬ 

age. 

B  akin- 
part. 

Bakin- 

full. 

P-S . 

226 

185 

58 

P-P . 

160 

72 

25 

P-dp . 

a 

13 

a 

4 

a 

4 

P-Sa . 

a 

8 

a 

4 

a 

0 

P-i . 

b 

0 

b 

1 

b 

0 

P-? . 

b 

172 

b 

54 

b 

30 

B-S . 

60 

91 

19 

B-p . 

c 

26 

c 

12 

c 

11 

B-dp . 

c 

4 

c 

3 

c 

0 

B-Sa . 

c 

2 

c 

1 

c 

0 

Simple 

drain¬ 

age. 

B  akin- 
part. 

Bakin- 

full. 

B-i . 

0 

0 

0 

B-? . 

35 

25 

14 

I-S . 

110 

90 

31 

I-P . 

56 

74 

26 

I-dp . 

4 

8 

1 

I-Sa . 

d  6 

d  1 

d  0 

I-i . 

d  0 

d  1 

d  0 

I-? . 

38 

48 

12 

M-S . 

54 

40 

7 

Simple 

drain¬ 

age. 

B  akin- 
part. 

Bakin- 

full. 

M-p . 

12 

1 

4 

M-dp . 

e  5 

e  4 

e  1 

M-Sa . 

e  3 

e  1 

e  0 

M-i . 

0 

0 

0 

M-? . . 

52 

9 

8 

?-S . 

3 

1 

1 

?-p . 

1 

1 

0 

1,050 

731 

252 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 

P,  lobar  pneumonia;  B,  bronchopneumonia;  I,  influenza,  M,  measles;  S,  streptococcus;  p,  pneumococcus;  dp,  “diplo- 


coccus”;  Sa,  staphylococcus;  i,  influenza  bacillus. 


a,  a,  b,  b,  etc.,  indicate  that  the  figures  in  these  were  combined,  respectively,  in  using  these  data  for  making  the  chi- 
square  test. 


A  COMPARISON  OF  THE  CLOSED  AND  OPEN  METHODS  IN  THE  TREATMENT 

OF  EMPYEMA. 

Following  the  institution  of  aspiration  in  the  treatment  of  empyema  as 
the  immediate  remedial  measure  to  he  followed  by  a  subsequent  thoracotomy, 
various  modifications  in  treatment  were  adopted.  Chief  among  these  was  the 
instillation  of  either  Dakin’s  solution,  formalin  uncombined  or  in  combination 
with  glycerin,  or  a  combination  of  all  of  these,  through  a  catheter  inserted  in 
a  punctured  wound  in  the  chest  wall.  The  exudate  was  aspirated  through  the 
catheter  and  the  antispetic  was  introduced  into  the  cavity.  When  exudate 
was  no  longer  formed  in  large  quantities  and  cultures  of  the  cavity  were 
sterile  the  catheter  was  removed  and  the  puncture  wound  was  allowed  to  heal. 

Similar  methods  of  treatment  had  been  attempted  previous  to  the  war 
and  had  been  found  untrustworthy.  Attempts  to  treat  cases  of  empyema  by 
simple  aspiration  had  resulted  in  cure  in  a  small  number  of  cases,  but  the  per¬ 
centage  of  permanent  cures  had  been  so  small  that  the  method  never  gained 
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great  favor.  It  must  be  remembered,  however,  that  these  cavities  were  irrigated 
in  only  a  few  instances  and  that  the  treatment  was  essentially  equivalent  to 
open  drainage  through  a  small  and  inadequate  thoracotomy  wound.  With  the 
development  of  antiseptic  solutions  which  could  be  used  for  irrigation,  the 
possibilities  of  this  method  were  greatly  increased.  The  use  of  the  method  was 
revived  at  Camp  Pike  and  underwent  numerous  modifications  in  the  hands  of 
the  base  hospital  staff  at  that  place.7  Before  March  15,  1918,  all  the  cases 
of  empyema  which  occurred  at  Camp  Pike  were  treated  by  rib  resection  and 
simple  tube  drainage  without  irrigation.  On  account  of  the  great  quantities 
of  pus  which  drained  from  the  wounds,  the  dressings  were  constantly  saturated 
with  exudate.  Tubes  of  small  caliber  were  inserted  through  the  wound  to 
the  bottom  of  the  cavity  and  the  exudate  was  aspirated  frequently.  This 
obviated  the  necessity  of  changing  the  dressings  several  times  during  the  day. 
The  mortality  among  these  cases  was  42.3  per  cent. 

Dakin’s  solution  was  next  employed  to  irrigate  the  cavities.  After  April 
15,  1918,  a  radical  change  was  made  in  the  method  of  drainage.  Diederich  7 
suggested  that  the  cavities  be  aspirated  and  irrigated  through  a  catheter 
introduced  through  a  stab  wound  in  the  chest  wall.  The  operation  was  still 
further  modified  by  the  use  of  a  trocar  and  canula  to  facilitate  the  introduction 
of  the  catheter.7  The  catheter  was  introduced  after  a  preliminary  diagnostic 
aspiration,  and  when  the  pus  had  been  removed  Dakin’s  solution  was  inter¬ 
mittently  injected  into  the  cavity.  The  frequent  instillations  of  this  antiseptic 
dissolved  the  fibrin,  and  since  the  catheter  did  not  allow  the  admission  of  air 
the  pleural  surfaces  were  held  in  contact  and  the  lung  was  kept  expanded. 
The  method  was  further  developed  by  Mozingo,8  who  injected  2  per  cent 
formalin  in  glycerin  in  the  cavities  to  obtain  final  sterility  before  removing  the 
catheter.  The  mortality  in  a  series  of  113  cases  treated  in  this  manner  was 
7  per  cent.  This  mortality  is  slightly  higher  than  that  at  Camp  Lee  in  a  series 
of  cases  which  were  treated  by  aspiration  and  subsequent  thoracotomy,  so 
that  a  comparison  of  this  method  with  open  drainage  after  preliminary  thora¬ 
cotomy  gives  no  preference  to  either  with  respect  to  mortality.6  Both  of  the 
methods  accomplished  a  similar  purpose;  that  is,  to  tide  the  patient  over  the 
critical  period  of  the  pulmonary  infection.  Both  series  of  cases  covered  a  period 
after  April  15,  1918,  when  the  virulence  of  the  infection  was  subsiding. 

Accurate  data  covering  a  large  number  of  cases  treated  by  the  closed 
method  have  not  been  obtained.  A  number  of  the  cases  recurred  and  others 
required  secondary  operations  to  bring  about  healing.  In  a  small  percentage 
sterile  pus  was  found  after  the  catheter  had  been  removed  for  several  weeks. 
A  few  of  these  exudates  showed  streptococci  on  culture.  An  analysis  of  such 
data  as  could  be  obtained  has  been  attempted  in  Tables  50  and  51.  The 
analysis  comprises  a  comparison  of  some  antiseptics  previously  mentioned  so 
that  the  results  of  the  treatment  regarding  the  number  of  recurrences,  the 
number  of  secondary  operations  required,  and  the  final  condition  of  the  patient 
(his  symptoms  and  his  ability  to  work)  may  be  studied. 

In  so  far  as  the  secondary  operations,  recurrences,  and  the  length  of  time 
required  for  wound  closure  are  concerned,  the  closed  method  gives  slightly 
more  favorable  results;  but  when  dyspnea,  pain,  and  cough  are  referred  to, 
the  open  method  of  drainage  appears  preferable.  In  general,  a  greater  per- 
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centage  of  the  patients  treated  by  open  drainage  were  able  to  do  heavy  work 
than  were  those  treated  by  the  closed  method.  In  either  event,  where  Dakin’s 
solution  was  used,  regardless  of  the  method  of  treatment,  the  results  have 
been  better  with  reference  to  symptoms  and  work  than  among  those  treated 
by  simple  drainage  without  irrigation  or  by  the  closed  method  with  formalin. 
In  either  case,  Dakin’s  solution  gave  better  results  than  the  other  antiseptics. 
Bismuth  paste  was  the  poorest  form  of  antisepsis. 

Table  50. « — Operations  required  after  various  types  of  treatment  and  antisepsis. 


Treatment. 

Operation. 

Recur¬ 

rence, 

per¬ 

cent¬ 

age. 

Final 

wound 

clo¬ 

sure, 

aver¬ 

age 

days. 

First. 

Second. 

Third. 

Fourth. 

Cases. 

Inter¬ 

val 

before 

opera¬ 

tion. 

Cases. 

Per 

cent¬ 

age. 

Inter¬ 

val 

before 

opera¬ 

tion. 

Cases. 

Per 

cent¬ 

age. 

Inter¬ 

val 

before 

opera¬ 

tion. 

Cases. 

Per 

cent¬ 

age. 

Inter¬ 

val 

before 

opera¬ 

tion. 

Dakin-full  b. . . 

252 

9.2 

55 

21.8 

132 

15 

6.0 

248 

6 

2.4 

361 

5. 16 

86.64 

Dakin-part  b . 

723 

8.4 

175 

24.2 

137 

56 

7.6 

249 

19 

2.6 

318 

6. 08 

97.  07 

Bismuth  b . 

47 

8.2 

20 

41.7 

185 

10 

21.0 

365 

2 

4.2 

224 

16.  71 

99.0 

Simple  drainage  b . 

1,043 

6.6 

190 

18.2 

126 

59 

5.6 

244 

12 

11.4 

329 

7.  86 

84.  55 

Simple  drainage  with 

suction . 

69 

6.9 

15 

21.9 

151 

15 

5.6 

237 

3.3 

66.2 

Catheter  drainage: 

a.  Formalin  and 

glycerin . 

18 

1 

5.  5 

5.5 

b.  Dakin’s  solution 

and  glycerin . . . 

39 

3 

7.6 

2 

5. 1 

5. 5 

41  5 

c.  Dakin’s  solution. 

72 

13 

18.0 

5 

6.9 

5.  5 

66.0 

a  Source  of  information:  Special  empyema  reports  made  to  the  Office  of  the  Surgeon  General. 

b  These  figures  are  subject  to  the  same  interpretation  regarding  transfers  of  cases  from  simple  drainage  to  treatment 
with  sodium  hypochlorite  solution  as  are  the  figures  in  the  tables  for  the  intervals  of  wound  closure. 


Table  51. a — Symptoms  and  ability  of  patients  to  work  after  various  types  of  treatment  and  antisepsis. 


Treatment. 

Dyspnea, 

percent¬ 

age. 

Pain, 

percent¬ 

age. 

Cough, 

percent¬ 

age. 

Cardiac 
symp¬ 
toms,  per¬ 
centage. 

Heavy 

work, 

percent¬ 

age. 

Light 

work, 

percent¬ 

age. 

No  work, 
percent¬ 
age. 

Dakin-full  b . 

29.4 

39.7 

9. 1 

9.1 

50.0 

40.9 

9. 1 

Dakin-part b .  ...  .. 

27.4 

39.2 

12.7 

6.5 

52.6 

35.  5 

11.9 

Bismuth  b .  . . 

31.3 

39.6 

12.5 

12.5 

54.1 

16.  68 

29. 15 

Simple  drainage  b . 

49.9 

81.0 

20.1 

22.0 

45.0 

35.7 

8.0 

Simple  drainage  with  suction . 

17.5 

34.9 

8.9 

6.3 

50.  74 

36.  92 

12.  32 

No  operation . 

Catheter  drainage: 

19.4 

35.8 

8.5 

6.7 

63.6 

35.  42 

9.9 

a.  Formalin  and  glycerin . 

64.  29 

57. 14 

28.  57 

7. 1 

28.  57 

42.86 

28.  57 

b.  Dakin’s  solution  and  glycerin . 

41.38 

51.71 

20.  69 

13.  79 

51.76 

41.40 

6.90 

c.  Dakin’s  solution . 

29. 10 

45.  80 

20.80 

12.00 

45.  00 

50.  00 

5.  00 

a  Sources  of  information:  Reports  of  sick  and  wounded  made  to  the  Office  of  the  Surgeon  General  and  special  empyema 
reports  made  to  the  Office  of  the  Surgeon  General. 

b  These  figures  are  subject  to  the  same  interpretation  in  regard  to  transfers  of  cases  from  simple  drainage  to  treatment 
with  sodium  hypochlorite  solution  as  are  the  figures  in  the  tables  for  the  intervals  of  wound  closure. 

THE  PREPARATION  AND  ACTION  OF  NEUTRAL  SOLUTION  OF  SODIUM 

HYPOCHLORITE  (DAKIN’S  SOLUTION). 

Neutral  solution  of  sodium  hypochlorite  was  used  so  extensively  in  the 
treatment  of  infected  wounds  throughout  the  war  that  it  seems  proper  to 
introduce  a  description  of  the  methods  used  in  the  preparation  of  the  solution 
and  a  brief  resume  of  the  manner  in  which  it  acts  on  bacteria  and  on  living 
tissue.  Three  methods  were  used.  The  choice  of  the  method  depended,  of 
course,  on  the  facilities  available  at  the  base  hospital  where  the  solution  was 
prepared.  The  formula  followed  in  preparing  the  solutions  have  been  tran¬ 
scribed  as  a  matter  of  record. 
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1.  PREPARATION  FROM  BLEACHING  POWDER,  WASHING  SODA,  AND  BORIC  ACID. 

This  is  the  original  formula  for  making  the  neutral  solution  of  sodium 
hypochlorite  devised  by  Dakin.9  The  boric  acid  rendered  the  solution  neutral 
when  it  was  first  prepared  and  maintained  essential  neutrality  when  it  was  used. 
This  acid,  being  polybasic,  formed  a  variety  of  salts  which,  through  shifts  in 
their  relative  proportions,  tended  to  preserve  the  equilibrium  in  reaction. 

To  make  10  liters  of  the  solution,  400  grams  of  washing  soda  (crystals) 
or  140  grams  of  dry  sodium  carbonate  were  dissolved  in  that  amount  of  water; 
200  grams  of  bleaching  powder  (the  “  Chloride  of  lime”  or  chlorinated  lime  of 
commerce)  containing  from  24  to  28  per  cent  of  available  chlorine  were  added. 
The  mixture  was  shaken  thoroughly  to  promote  contact  and  to  render  the 
calcium  carbonate,  which  was  at  first  precipitated  as  a  white  cloud,  granular, 
so  that  it  could  be  removed  by  filtration.  Ultimately,  it  was  a  saving  of  time 
to  devote  as  much  as  10  minutes  to  this  constant  agitation  of  the  mixture, 
so  it  was  most  convenient  to  use  a  well-corked  bottle  for  making  the  solution. 
After  shaking,  the  mixture  was  allowed  to  stand  for  half  an  hour  or  longer. 
When  the  precipitate  had  settled  the  clear  supernatant  liquid  was  siphoned  off 
and  filtered  through  paper  or  a  cotton  plug  inserted  in  the  neck  of  a  funnel. 
Forty  grams  of  boric  acid  were  dissolved  in  this  clear  filtrate,  which  was  then 
ready  for  use. 

If  the  bleaching  powder  contained  25  per  cent  of  available  chlorine  and 
all  of  it  entered  into  the  reaction  with  the  sodium  carbonate,  the  resulting 
solution  would  contain  0.5  per  cent  of  sodium  hypochlorite. 

The  reaction  taking  place  between  calcium  hypochlorite  and  sodium 
carbonate  is  expressed  by  the  equation : 

(1)  Ca(OCl)2  +  Na2C03  =  CaC03  +  2NaOCl.° 

But  bleaching  powder  contains  not  only  calcium  hypochlorite,  but  several 
other  constituents.  Among  these  are  calcium  chloride  and  calcium  hydrate 
which  also  react  with  sodium  carbonate: 

(2)  CaCl2  +  N a2C03  =  CaC03  +  2N aCl. 

(3)  Ca(OH)2  +  Na2C03  =  CaC03  +  2NaOH. 

The  third  reaction  results  in  the  formation  of  sodium  hydrate.  It  was 
chiefly  to  neutralize  this  sodium  hydrate  that  the  boric  acid  was  added. 
Inasmuch  as  the  amount  of  calcium  hydrate  in  bleaching  powder  varied 
considerably,  it  was  important  to  determine  whether  the  amount  of  boric  acid 
used  was  actually  sufficient  to  effect  neutralization  with  the  particular  lot  of 
bleaching  powder.  This  was  determined  readily  by  sprinkling  a  few  particles 
of  solid  phenolphthalein  upon  the  surface  of  the  solution.  If  the  solution  was 
alkaline,  a  pink  color  was  developed.  In  this  case  more  boric  acid  was  added. 
If  the  particles  did  not  become  pink,  an  adequate  amount  of  boric  acid  had 
been  added.  An  excess  of  boric  acid  reduced  the  keeping  qualities  of  the 
hypochlorite  solution. 

a  The  active  or  available  chlorine  in  bleaching  powder  is  sometimes  assumed  to  be  combined  with  calcium  in  con¬ 
junction  with  chlorine  in  the  inactive  state.  On  this  assumption  the  reaction  with  sodium  carbonate  is  expressed  by  an 

equation  intermediate  between  (1)  and  (2):  Ca<^Q^_Q^+Na2C03=CaC03+NaCl+Na0Cl. 
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2.  THE  PREPARATION  FROM  BLEACHING  POWDER  WITHOUT  THE  USE  OF  BORIC 

ACID. 

This  formula  was  proposed  by  Daufresne.10  The  idea  upon  which  it  was 
based  was  the  use  of  carbonic  acid  in  place  of  boric  acid  to  secure  neutrality. 
The  requisite  amount  of  carbonic  acid  was  supplied  by  substituting  an  appro¬ 
priate  amount  of  sodium  bicarbonate  for  a  part  of  the  sodium  carbonate  in 
Dakin’s  original  formula.  The  proportion  of  sodium  carbonate  to  sodium 
bicarbonate  required  to  attain  this  result  depended  upon  the  composition  of 
the  bleaching  powder,  and  particularly  upon  the  amount  of  calcium  hydrate  it 
contained. 

For  the  ordinary  brands  of  bleaching  powder  the  following  proportions 
gave  good  results:  Two  hundred  grams  of  bleaching  powder  containing  from 
24  to  28  per  cent  available  chlorine  were  dissolved  in  5  liters  of  water.  The 
solution  was  allowed  to  stand  for  an  hour.  Ninety-four  grams  of  dry  sodium 
carbonate  (or  265  grams  washing  soda  in  crystals)  and  86  grams  of  sodium 
bicarbonate  were  dissolved  in  5  liters  of  cold  water  in  a  separate  container. 
These  solutions  were  mixed  and  thoroughly  shaken.  When  the  granular 
calcium  carbonate  had  settled  the  supernatant  fluid  was  siphoned  off  and 
filtered. 

If  the  solution  prepared  in  this  way  were  alkaline  when  tested  with  solid 
phenolphthalein,  it  was  neutralized  with  boric  acid,  or  carbon-dioxide  gas  was 
passed  into  the  solution  until  there  was  no  reaction  with  phenolphthalein. 
When  this  neutralization  was  necessary,  the  amount  of  bicarbonate  was  in¬ 
creased  and  the  carbonate  correspondingly  reduced  until  the  proportion  suiting 
the  particular  bleaching  powder  used  was  found. 

3.  THE  PREPARATION  WITH  SODIUM  CARBONATE  AND  CHLORINE  GAS.11 

Chlorine  gas  was  passed  into  a  solution  containing  15  grams  of  dry  sodium 
carbonate  (17.6  grams  of  the  monohydrate  or  40  grams  of  washing  soda)  to 
the  liter,  4.8  grams  (about  1,700  c.  c.)  of  the  gas  were  required  for  each  liter 
of  the  solution.  The  reaction  which  takes  place  between  the  sodium  carbonate 
and  chlorine  may  be  divided  into  two  stages: 

( 1)  2Na2C03  +  2C1  +  H20  =  NaOCl  4-  2NaHC03. 

(2)  2NaHC03  +  2C1  =  NaOCl  +  NaCl  +  2C02  +  H20. 

The  final  products  are  sodium  hypochlorite,  sodium  chloride,  and  carbon 
dioxide. 

This  method  of  preparing  sodium  hypochlorite  was  expeditious  and  simple 
in  every  respect  except  for  the  determination  of  the  amount  of  chlorine  necessary. 
The  chlorine  was  furnished  in  liquid  form,  in  steel  cylinders.  A  chlorine  meter 
adapted  for  use  with  these  cylinders  was  supplied  to  the  base  hospitals.  A 
tube  ending  in  an  unglazed  porcelain  diffuser  was  used  to  pass  the  chlorine 
into  the  solution.  It  was  necessary  to  test  the  solution  with  great  care  to 
make  sure  that  the  requisite  amount  of  chlorine  and  no  excess  was  retained. 
There  are,  of  course,  sources  of  error  in  estimating  the  weight  of  chlorine  by 
measuring  its  volume,  because  the  latter  is  affected  by  changes  in  both  pressure 
45267°— 24 - 14 
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and  temperature.  If  the  correct  volume  was  once  determined  according  to 
the  meter  and  the  conditions  were  kept  uniform  these  errors  were  eliminated. 

The  sodium  hypochlorite  solution  prepared  in  this  way  lacked  the  “  buffer 
salts7’  contained  in  solutions  made  according  to  the  original  formula.  The 
convenience  of  the  method  and  the  rapidity  with  which  large  volumes  of  the 
solution  could  be  prepared  occasioned  its  wide  use  in  the  military  hospitals 
where  from  60  to  80  liters  were  required  each  day. 

4.  TESTING  THE  STRENGTH  OF  DAKIN’S  SOLUTION. 

As  a  result  of  experimental  and  clinical  observations  it  was  concluded  that 
the  satisfactory  action  of  the  solution  as  a  surgical  antiseptic  depended  chiefly 
upon  the  concentration  of  available  chlorine  and  the  reaction.  The  reaction 
was  approximately  neutral,  and  the  hypochlorite  content  was  not  less  than 
0.4  per  cent  and  not  more  than  0.5  per  cent.  Later  experience  confirmed  these 
conclusions.  If  the  hypochlorite  content  of  the  solution  was  below  0.4  per  cent, 
its  efficiency  as  a  germicide  was  very  greatly  reduced;  if  the  concentration 
was  above  0.5  per  cent,  the  solution  was  unduly  irritating.  These  limits  were 
so  narrow  that  in  view  of  the  variations  in  strength  likely  to  occur  in  the  prepara¬ 
tion  of  the  solution  because  of  differences  in  the  composition  of  the  materials 
used  or  in  the  manipulations,  it  was  necessary  to  determine  the  strength  of 
the  solution  when  it  was  first  prepared.  The  liability  of  deterioration  after  a 
few  days  made  these  tests  necessary  if  solutions  were  not  used  immediately  after 
preparation. 

The  determination  of  hypochlorite  concentration  was  made  by  titrating, 
with  a  decinormal  solution  of  sodium  thiosulphate  (24.82  grams  of  the  crystal¬ 
lized  salt  (Na2S203  5H20)  dissolved  in  1,000  c.  c.  of  distilled  water).  One  cubic 
centimeter  of  this  thiosulphate  solution  (N/10)  is  equivalent  to: 

0.0127  gram  iodine. 

0.00354  gram  chlorine. 

0.00262  gram  hypochlorous  acid,  HOC1. 

0.00372  gram  sodium  hypochlorite,  NaOCl. 

0.01407  gram  chloramine-T,  CI43,  C6H4,  S02NaNCl. 

0.006  gram  dichloramine-T,  CH3,  C6H4,  S02NC12. 

In  addition  to  the  standard  solution  of  sodium  thiosulphate,  the  reagents 
required  were  a  10  per  cent  solution  of  potassium  iodide;  pure  acetic  acid,  10 
per  cent;  and  starch  paste,  prepared  by  boiling  about  0.1  gram  of  starch  with 
100  c.  c.  of  water. 

The  titration  was  made  in  the  following  manner:  Five  c.  c.  of  the  iodide 
and  acetic  acid  solutions  were  added  to  10  c.  c.  of  solution.  This  mixture  at  once 
turned  brown  on  account  of  the  liberation  of  iodine.  The  decinormal  thio¬ 
sulphate  solution  was  dropped  from  a  graduated  burette  until  the  brown  color 
nearly  disappeared.  A  few  drops  of  the  starch  paste  were  added  and  the  titra¬ 
tion  was  continued  until  the  mixture  was  colorless.  The  number  of  cubic 
centimeters  of  standard  thiosulphate  solution,  required  to  complete  this  reac¬ 
tion,  multiplied  by  the  factor  0.00372  (see  above)  gave  the  weight  of  sodium 
hypochlorite  in  the  10  c.  c.  of  Dakin’s  solution  taken  for  the  determination. 
This  multiplied  by  10  gave  the  percentage  strength. 
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TESTING  THE  REACTION  OF  DAKIN’S  SOLUTION. 

If  the  solution  was  too  alkaline  it  was  unduly  irritating  to  the  tissues;  if 
too  acid  it  deteriorated  rapidly.  Solutions  were  prepared  which  did  redden 
particles  of  solid  phenolphthalein  sprinkled  upon  the  surface.  An  empirical 
test  for  undue  acidity  consisted  in  expressing  about  0.5  c.  c.  of  one  per  cent 
alcoholic  solution  of  phenophthalein  from  a  medicine  dropper  into  about  5 
c.  c.  of  the  solution  to  be  tested.  Solutions  of  the  proper  alkalinity  showed  a 
momentary  flash  of  red.  If  there  was  not  at  least  a  momentary  flash  of  red, 
the  alkalinity  of  the  solution  was  not  sufficient  to  prevent  rapid  loss  in  hypo¬ 
chlorite  content. 
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THE  ROLE  OF  THE  ROENTGEN-RAY  LABORATORY  IN  THE  STUDY 

AND  TREATMENT  OF  EMPYEMA. 

The  Roentgen-ray  laboratory  was  utilized  probably  more  generally  through¬ 
out  the  Army  camps  than  any  other  laboratory  which  was  designed  to 
assist  the  clinician  and  surgeon  in  diagnosis.  In  the  first  place,  it  furnished 
evidence  of  organic  lesions  which  could  be  preserved  as  a  definite  record  of 
the  condition  at  the  time  the  exposures  were  made,  and  these  records  could 
be  compared  with  those  obtained  at  later  stages  of  the  disease;  second,  it  was 
not  time  consuming  and  might  be  used  to  confirm  diagnoses  which  could  not 
be  made  with  certainty  by  physical  examination  alone;  third,  it  very  largely 
eliminated  personal  opinion  because  of  the  objective  character  of  the  evidence 
it  gave.  Although  the  elimination  of  personal  opinion  in  regard  to  the  clinical 
aspects  of  disease  is  not  usually  to  be  desired,  it  was  necessary  in  many  instances 
on  account  of  the  time  which  might  be  saved  by  turning  to  the  roentgenologist 
for  a  diagnosis.  More  evidence  was  often  secured  in  a  brief  time  than  could 
be  gleaned  from  an  extended  clinical  study.  This  was  true  in  surgical  con¬ 
ditions  which  were  the  result  of  injury  when  immediate  diagnosis  was  necessary. 
No  delay  was  warranted.  In  medical  diagnosis,  however,  more  time  might  be 
spent  in  clinical  study,  and  the  Roentgen  ray  was  then  used  as  a  confirmatory 
method.  In  unusual  conditions  or  in  cases  of  doubtful  diagnosis  it  aided  the 
internist  immeasurably. 

This  indebtedness  to  the  radiographer  was  particularly  great  in  the  diag¬ 
nosis  and  care  of  the  numerous  cases  of  pleuritis  which  occurred  in  America 
during  the  mobilization  and  training  of  the  Army.  Similar  epidemics  had  been 
encountered  in  previous  wars,  but  the  knowledge  and  experience  acquired  then 
were  not  abreast  of  the  modern  methods  in  medicine,  and  the  records  made 
at  these  times  were  correspondingly  incomplete  on  many  aspects  of  the  disease. 
The  first  clear  conception  of  these  fulminating  pulmonary  infections  came  from 
the  post-mortem  evidence  of  their  pathology.  On  account  of  the  errors  which 
the  clinician  was  frequently  led  to  make,  both  because  of  his  inexperience  with 
the  disease  and  the  unreliability  of  the  physical  signs  in  many  of  the  cases,  it 
then  became  customary  to  follow  pneumonia  radioscopically  from  the  onset 
of  the  infection.  The  aid  rendered  in  the  diagnosis  of  pneumonia  and  pleuritis 
was  invaluable,  especially  because  it  was  not  only  applicable  during  the  acute 
stages  of  the  disease  but  assisted  the  surgeon  after  the  case  had  come  under  his 
care.  Since  the  great  preponderance  of  disease  among  the  personnel  of  the 
Army  was  respiratory  (there  was  not  only  the  epidemic  of  measles  and  strepto¬ 
coccus  pneumonia,  but  in  addition  a  wave  of  influenza  of  unparalleled  severity), 
the  role  played  by  the  roentgenologist  may  easily  be  imagined. 

Previous  to  the  war  the  roentgenologist  had  attained  a  high  degree  of 
efficiency  in  the  study  of  pulmonary  tuberculosis.  Much  of  this  work  was 
done  in  conjunction  with  the  clinician,  or  the  physician  who  was  especially 
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interested  in  thoracic  medicine  interpreted  liis  own  radiograms.  Although  it 
was  possible  to  maintain  a  sympathetic  association  such  as  this  in  the  Army 
hospitals,  circumstances  frequently  made  it  impracticable  from  both  the  tech¬ 
nical  and  the  administrative  standpoints.  As  a  result  there  was  a  tendency 
for  each  department  to  carry  on  its  allotted  function  without  sufficient  corre¬ 
lation  with  the  other  branches  of  the  hospital  service.  When  the  epidemic  of 
pneumonia  swept  the  cantonments  in  the  eastern  part  of  the  United  States  in 
1917  and  1918,  the  diagnostic  value  of  fluoroscopic  examinations  and  of  roent¬ 
genograms  was  quickly  realized,  and  the  impetus  given  the  study  of  acute 
respiratory  diseases  was  remarkable.  The  necessity  for  accurate  diagnosis  was 
impressed  on  every  Army  physician.  The  attempt  to  lessen  the  mortality  by 
a  more  thorough  knowledge  of  the  disease  led  to  a  free  interchange  of  ideas 
between  the  roentgenologist  and  the  ward  surgeon.  As  empyema  developed 
and  cases  came  to  operation,  the  surgeon  again  strengthened  this  inter¬ 
course.  Plates  were  often  essential  in  locating  encapsulated  pockets  of  pus. 
They  were  necessary  in  the  intelligent  treatment  of  chronic  cavities  and  sinuses 
when  large  decortications  or  constructive  surgery  were  indicated,  because  there 
was  no  other  means  by  which  the  extent  and  location  of  these  cavities  could 
be  determined  so  accurately.  Hence  the  surgeon  often  depended  on  stereoscopic 
plates  of  the  injected  cavities  to  assure  himself  of  the  necessity  for  interference 
or  of  the  extent  and  character  of  the  operation  required.  In  these  ways,  on 
account  of  the  fact  that  the  roentgenologists  had  facts  to  offer  which  could 
not  be  supplied  by  clinical  experience  and  judgment  alone,  the  bond  between 
the  ward,  the  operating  room  and  the  X-ray  laboratory  of  a  necessity  became 
more  firm. 

The  equipment  found  to  be  necessary  followed  the  demand  made  by  these 
cases.  During  1917  and  the  early  months  of  1918  the  hospitals  were  equipped 
with  stationary  radiographic  apparatus.  Since  there  were  no  portable  sets  at 
that  time,  it  was  necessary  to  carry  patients  to  the  laboratory.  Frequently, 
even  when  examinations  were  much  needed,  it  was  undesirable  to  move  those 
who  were  critically  ill,  so  bedside  units  were  introduced  to  obviate  this  circum¬ 
stance.  These  bedside  units  were  perfectly  serviceable  for  the  confirmation 
of  the  diagnosis  of  pneumonia  or  the  detection  of  fluid,  and  in  some  respects, 
particularly  because  the  record  was  permanent,  they  were  superior  to  the  fluoro- 
scope,  which  gave  no  advantageous  technical  detail  and  involved  moving  the 
patient.  In  examinations  for  the  localization  of  encapsulations  or  for  the  study 
of  cavities  after  operation,  they  were  not  as  valuable  as  the  standard  tables 
and  stands,  since  they  did  not  afford  facilities  for  stereoscopic  plates. 

The  important  functions  of  the  Roentgen-ray  laboratory  during  the  drain¬ 
age  period  were  the  study  of  the  chronic  cavities  and  the  detection  of  pus 
pockets.  Stereoscopic  plates  were  always  more  valuable  for  these  purposes. 
When  the  wounds  were  healed  there  was  often  some  difficulty  in  excluding  the 
presence  of  an  active  tuberculous  lesion  unless  stereoscopic  plates  were  made. 
These  plates  showed  greater  detail,  but  definite  diagnosis  was  at  times  impos¬ 
sible.  In  general  there  was  no  great  improvement  in  the  type  of  apparatus 
employed  in  thoracic  work  aside  from  the  development  of  the  portable  bedside 
units  and  the  application  of  tubes  which  could  be  operated  successfully  at  a 
low  amperage. 
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The  methods  utilized  in  the  study  of  pneumonia  and  empyema  were  modi¬ 
fied  to  some  extent  when  it  was  found  that  there  was  need  for  improvement  in 
the  technique  employed.  Previous  to  the  war  it  had  been  the  custom  with 
many  roentgenologists  to  expose  chest  plates  with  a  relatively  high  amperage 
and  to  correspondingly  shorten  the  time  of  exposure.  Greater  detail  was 
secured  in  this  manner  when  stereoscopic  plates  were  desired,  since  it  was 
possible  to  eliminate  some  of  the  respiratory  movement  by  the  shortened 
exposure.  After  the  spring  of  1918,  however,  the  maximum  milliamperage 
was  limited  to  45  by  an  order  from  the  Surgeon  General’s  Office.1  This  memo¬ 
randum  was  issued  with  the  idea  that  the  time  during  which  Coolidge  tubes 
were  serviceable  could  be  lengthened  when  a  low  amperage  was  used.  This 
limited  amperage  did  not  affect  the  routine  examinations,  but  if  patients  were 
especially  dyspneic  a  milliamperage  of  60,  with  an  exposure  of  one  or  two  sec¬ 
onds,  at  times  resulted  in  clearer  roentgenograms.  The  methods  used  in  the 
study  of  cavities  and  sinuses  were  improved  in  some  instances  to  secure  more 
accurate  roentgenograms,  but  the  modifications  were  slight.  The  chief  devel¬ 
opments  were  in  the  direction  of  keener  interpretation,  the  greater  utilization 
of  available  modes  of  study,  and  the  dissemination  of  the  acquired  experience 
among  the  physicians  in  the  Army  at  the  time. 

Cases  of  empyema  pass  through  three  stages.  These  stages  are  a  forma¬ 
tive  period,  which  includes  the  interval  between  the  onset  of  the  effusion  and 
the  time  at  which  surgical  drainage  is  instituted;  the  period  of  drainage  proper, 
either  by  an  open  or  closed  method;  and  the  period  of  convalescence  after 
actual  healing  of  the  external  wound.  Although  a  division  which  is  based  on 
the  method  of  treatment  and  the  therapeutic  requirements  of  the  patient  might 
be  considered  somewhat  unsound,  since  it  is  not  primarily  pathological  in  its 
inception,  it  nevertheless  affords  an  actual  working  basis  for  a  consecutive  con¬ 
sideration  of  the  various  applications  of  the  Roentgen  ray,  as  the  objects  and 
purposes  for  which  it  was  employed  during  these  periods  were  distinctly  different. 
With  this  division  in  mind,  the  following  text  has  been  written  in  three  parts. 

THE  FORMATIVE  OR  PREOPERATIVE  STAGE. 

RELATION  BETWEEN  PNEUMONIA  AND  EMPYEMA,  AS  SHOWN  BY  ROENTGEN- 

RAY  STUDIES. 

The  occurrence  of  empyema  is  so  intimately  associated  with  pneumonia 
that  it  is  difficult  to  consider  the  two  separately  with  precision.  Since  one  fol¬ 
lows  the  other,  such  a  separation  is  possible  in  typical  lobar  pneumonia  and  the 
subsequent  empyema,  but  is  difficult  in  streptococcus  infections  because  the 
effusions  occur  in  all  stages  and  degrees  of  lung  infection,  and  can  less  fre¬ 
quently  be  considered  postpneumonic.  When  streptococcus  infections  were 
common,  in  1917  and  1918,  it  was  not  an  unusual  thing  to  discover  a  lar^e 
effusion  when  there  had  been  no  previous  clinical  evidence  of  parenchymal  lung 
involvement.  To  demonstrate  an  actual  pneumonia  under  these  conditions, 
examinations  were  necessary  before  the  physical  signs  were  obscured  or  modified 
by  the  presence  of  fluid.  It  is  noteworthy  that  it  was  as  frequently  impossible 
to  discover  consolidation  by  roentgenograms  when  the  early  clinical  symptoms 
pointed  to  a  pleuropulmonary  infection.  There  is  no  reason  to  suppose  that 
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Fig.  23— Roentgenogram  illustrating  an  encapsulated  empyema  following  lobar  pneumonia 
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in  these  streptococcus  cases  there  was  not  an  actual  involvement  of  the  lung 
antedating  the  effusion,  hut  before  there  was  sufficient  consolidation,  apparent 
either  by  percussion  or  in  roentgenograms,  the  affected  half  of  the  chest  was 
so  filled  with  fluid  that  all  lung  detail  was  obscured.  It  was  in  cases  of  this 
type  that  the  later  clinical  findings  were  so  confusing  as  to  cause  difficulty 
m  distinguishing  between  massive  pleuritis  and  consolidation.  It  was  always 
possible  to  make  a  decision  with  the  fluoroscope  or  a  single  plate. 

Later  when  effusion  occurred,  after  evidence  was  definitely  established 
pointing  to  a  lobar  pneumonia  type  of  consolidation,  or  to  an  irregular  dif¬ 
use  bronchopneumonic  type  of  consolidation,  the  transitional  stages  in  the 
pneumonic  shadows  were  easily  followed.  The  type  of  lobar  pneumonia  most 
frequently  encountered  first  gave  a  sharply  limited  shadow  of  varying  density, 
which  increased  with  the  degree  of  consolidation  and  was  less  and  less  marked 
as  resolution  progressed.  When  empyema  followed  the  pneumonia,  especially 
if  it  had  been  confined  to  a  part  of  the  lung  at  some  distance  from  the  dia¬ 
phragm,  so  that  the  shadow  was  discrete  and  distinct,  the  lung  detail  was 
obscured  by  the  more  even  diffuse  shadow  of  the  exudate,  which  did  not 
clear  within  the  period  of  seven  or  eight  days  normally  required  for  reso¬ 
lution.  When  the  pneumonia  was  at  the  base  of  the  lung  and  the  axillary 
margin  was  involved,  the  fluid  often  obliterated  the  diaphragmatic  angle. 
More  frequently  there  was  only  a  dense  shadow  posteriorly  over  the  lower  lobe. 

The  bronchopneumonia  which  was  prevalent  was  a  generalized  patchy 
involvement  of  several  lobes  with  a  tendency  to  become  confluent  in  various 
areas.  The  plates  were  perfectly  distinctive  in  that  they  showed  the  irregular 
distribution  of  the  consolidation.  The  effusions  which  occurred  in  these 
cases  were  either  free  or  encapsulated,  but  in  either  case  they  were  of  greater 
density  than  the  areas  of  consolidation.  Wherever  fluid  accumulated,  the  lung 
structure  and  the  patchy  appearance  of  the  bronchopneumonia  were  obscured 
by  the  dense  homogeneous  shadow  of  the  exudate.  Ordinarily,  plates  at 
intervals  of  two  or  three  days  showed  the  lungs  resuming  their  normal  density, 
while  the  shadows  of  the  encapsulations  persisted.  Resolution  was  occasion¬ 
ally  so  slow  that  small  encapsulations  were  not  easily  detected  on  account 
of  the  similarity  between  the  appearance  of  small  pus  pockets,  with  con¬ 
siderable  parenchymal  involvement  of  the  adjacent  lung  tissue,  and  the  patchy 
shadow  of  an  early  bronchiectasis,  with  considerable  peribronchial  infiltration 
which  sometimes  supplanted  the  shadow  of  the  bronchopneumonia. 

The  shadow  of  the  empyema  following  lobar  pneumonia  occurred  where 
the  lung  had  previously  shown  the  greatest  involvement.  Although  it  was 
not  always  sharply  limited  in  the  roentgenograms  to  that  part  of  the  lung  sur¬ 
face  which  had  appeared  consolidated,  the  location  was  approximately  that  of 
the  pleura  which  had  been  involved  by  the  pneumonia.  Lobar  pneumonia 
v  as  most  frequent  m  the  lower  lobes  and  the  shadow  of  the  subsequent 
empyema  was  most  intense  over  the  lower  posterior  or  lateral  pleural  surface 
corresponding  to  the  area  of  consolidation.  This  is  shown  in  Figure  23. a  Under 
varying  conditions  there  were  other  areas  where  the  first  lung  changes  incident 
to  the  infection  were  observed.  One  of  the  commonest  sites  during  the  influ- 

_ _ _ _ _  O 

1  The  roentgenograms  used  to  illustrate  this  chapter  were  obtained  from  Base  Hospital,  Camp  Lee,  Va.,  General  Hos¬ 
pital  No.  12,  Biltmore,  N.  C.,  and  Walter  Reed  General  Hospital,  Washington,  D.  C.  Theywere  photographed  at  the 
Army  Medical  Museum. 
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enza  epidemic  was  just  lateral  to  the  hilus  of  the  lung.2  Pneumonia,  following 
influenza,  although  caused  by  pneumococci  in  most  instances,  was  secondary 
and  can  not  be  classed  as  typically  lobar;  but  when  the  pneumococcus  was 
found  to  be  the  predominating  organism  in  the  sputum  and  the  pleural  fluid, 
the  shadows  of  the  pneumonia  and  the  empyema  usually  occupied  succes¬ 
sively  the  same  area  of  the  pleural  surface.  There  was  not  always  the  sharp 
coincidence  found  in  the  lobar  type  of  distribution,  but  probably  this  may 
be  explained  by  the  fact  that  influenzal  pneumonia  had  a  bronchopneumonic 
type  of  distribution.  The  pus  in  all  of  the  pneumococcus  cases  was  apparently 
so  surrounded  by  adhesions  and  was  produced  in  such  minor  quantities  that 
it  did  not  invade  the  entire  pleural  cavity,  consequently  shifting  of  the  fluid 
shadow  could  seldom  be  demonstrated.  A  consideration  of  the  pathology 
of  the  pleuritis  complicating  pneumococcus  pneumonia,  which  comprises  a 
gradual  infiltration  of  the  fibrinous  pleural  exudate  overlaying  the  pneumonia 
with  leucocytes  and  pneumococci,  accounts  for  the  course  followed  by  these 
cases. 

THE  FLUID  SHADOW  AND  THE  EFFECTS  OF  THE  ACCUMULATED  EXUDATE. 

The  effusions  containing  hemolytic  streptococci  were  usually  large  in 
amount.  This  was  especially  true  of  those  which  occurred  early  in  the  pneu¬ 
monia  or  developed  before  there  was  roentgenologic  or  clinical  evidence  of 
consolidation.  Since  the  chest  was  very  quickly  filled  with  fluid,  once  effusion 
had  begun,  opportunity  was  afforded  for  a  study  of  the  displacement  of  the 
mediastinal  structures  and  variations  in  the  aeration  of  the  lung  due  to  the 
accumulation  of  exudate  before  and  after  drainage.  The  course  of  these 
cases  was  especially  instructive  when  followed  from  the  beginning  of  the 
effusion  in  conjunction  with  the  roentgenologist. 

For  the  first  examination  of  these  cases  of  fulminating  pleurisy  either  a 
single  plate  or  the  fluoroscope  was  found  satisfactory.  The  fluoroscope  showed 
disturbed  function  which  could  not  be  demonstrated  readily  with  plates, 
but  on  the  other  hand  plates  often  aided  in  the  localization  of  small  consoli¬ 
dated  areas  which  might  be  overlooked  on  the  screen.  Immediately  following 
the  onset  of  these  infections  which  were  at  first  predominantly  pleural,  fluoro¬ 
scopic  examination  showed  a  distinct  limitation  of  motion  on  the  affected  side 
before  any  great  amount  of  fluid  had  developed.  Apparently  this  limitation 
of  motion  was  largely  voluntary  at  this  stage  and  resulted  from  an  effort  on 
the  part  of  the  patient  to  lessen  the  pain.  The  diaphragm  was  practically 
immobile  and  the  chest  wall  was  fixed  in  a  degree  of  partial  expansion.  That 
this  was  largely  a  reflex  effort  was  evident  from  a  few  observations  on  patients 
who  developed  fluid  so  slowly  that  the  visceral  and  parietal  pleurae  in  the 
axillary  region  were  at  first  scarcely  separated,  and  examinations  were  possible 
after  the  pain  had  partly  subsided,  yet  the  chest  had  not  filled  with  sufficient 
fluid  to  hinder  the  respiratory  excursion.  As  soon  as  the  pain  had  subsided 
the  spasm  was  relieved.  The  fixation  of  the  chest  wall  with  the  lung  partly 
expanded  was  probably  due  to  the  greater  relief  afforded  the  patient  when  this 
position  was  maintained,  since  it  permitted  a  greater  degree  of  unilateral  fixation 
of  the  chest  wall  than  was  possible  when  the  lung  on  that  side  was  either  fully 
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expanded  or  contracted.  The  relief  afforded  was  always  greatest  when  the 
affected  lung  was  slightly  expanded.  Increase  in  the  effusion,  and  later  con¬ 
solidation  and  adhesions,  account  for  the  limited  respiratory  movements  which 
were  observed  during  the  pneumonia  and  after  the  drainage  of  the  empyema. 

When  one  was  fortunate  to  secure  roentgenograms  of  an  early  diffuse 
pleuritis,  the  fluid  shadow  was  first  observed  in  the  lower  axilla,  but  when 
considerable  fluid  had  developed  this  shadow  was  most  dense  above  the  dome 
of  the  diaphragm.  The  fact  that  the  fluid  causing  the  lung  to  be  separated 
from  the  chest  wall  as  the  costophrenic  angle  was  filled  was  first  apparent  in 
the  axilla,  does  not  indicate  necessarily  that  the  exudate  formed  a  thicker 
layer  there  than  over  any  other  part  of  the  lung.  It  does  indicate,  however, 
that  a  small  amount  of  fluid,  spread  evenly  over  the  axillary  and  postero¬ 
lateral  surfaces  of  the  lower  lobe,  is  capable  of  obstructing  the  ray  to  a  greater 
extent  in  this  region.  This  is  due  to  the  greater  depth  of  fluid  through  which 
the  roentgen  rays  must  pass  when  the  chest  is  viewed  in  the  anteroposterior 
position.  The  shadow  first  filled  the  costophrenic  angle,  then  as  the  exudate 
increased,  the  axillary  region  acquired  a  density  nearly  equal  to  that  of  the 
rest  of  the  lower  chest,  while  the  lung  which  was  compressed  into  the  upper 
part  of  the  pleural  cavity  left  a  clear  area  near  the  apex. 

Expansion  following  drainage  could  not  be  observed  as  satisfactorily  as 
the  compression  of  the  lung  by  the  fluid.  When  the  exudate  was  removed 
through  a  catheter  so  that  air  was  not  admitted  to  the  cavity,  the  expanding 
lung  showed  the  reverse  of  the  picture  just  described.  The  pleura  by  this  time 
was  covered  by  a  layer  of  fibrin  which  cast  a  moderate  shadow  after  the  cavity 
had  been  emptied  as  completely  as  was  possible.  After  the  exudate  was 
aspirated  there  was  greater  penetration  of  the  upper  thorax,  while  shadows 
due  to  the  pleura  at  the  base  and  near  the  drainage  site  persisted.  Frequently 
these  parts  of  the  chest  did  not  clear  entirely  until  long  after  the  drainage 
wound  had  healed.  The  fluoroscope  or  single  plates  were  useful  during  the 
period  of  aspiration  to  indicate  the  frequency  with  which  the  exudate  should 
be  removed. 

The  radioscopic  study  of  large  exudates  offered  evidence  which  confirmed 
certain  established  principles  in  regard  to  the  aeration  of  the  lungs  and  the 
displacement  of  the  mediastinal  organs.  The  displacement  of  the  mediastinal 
structures  which  occurs  with  large  unencapsulated  effusions  has  been  an  impor¬ 
tant  diagnostic  sign  of  fluid  from  the  standpoint  of  physical  diagnosis  and  of 
the  interpretation  of  plates.  There  are  changes  in  the  aeration  of  the  lungs 
accompanying  this  displacement  which  are  apparently  a  result  of  the  pressure 
exerted  by  the  fluid  within  the  cavity.  It  is  obvious  that  with  fluid  in  one  of 
the  pleural  cavities  sufficient  to  displace  the  mediastinal  tissues  there  must  be 
a  change  in  the  pressure  to  which  the  lungs  are  subjected.  With  the  increasing 
pressure  in  one  side  of  the  thorax  due  to  an  influx  of  fluid  the  heart  and  other 
structures  are  pushed  toward  the  opposite  side.  At  first  the  lung  on  the  side 
which  contains  the  fluid  is  found  compressed  in  the  upper  part  of  the  chest 
with  but  slight  displacement  of  the  heart  and  the  tracheal  shadows.  If  fluoro¬ 
scopic  examinations  are  made  at  this  time  the  opposite  lung  is  found  to  undergo 
complete  aeration,  but  after  further  displacement  of  the  mediastinal  shadow 
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by  larger  amounts  of  fluid,  the  aeration  of  the  healthy  lung  is  impeded  by  the 
pressure.  According  to  the  work  of  Graham  and  Bell,3  one  should  suspect  that 
approximately  equal  pressures  would  be  maintained  on  the  opposite  sides. 
This  would  account  for  the  diminished  aeration  of  the  healthy  lung,  since  the 
negative  pressure  which  exists  in  the  healthy  pleural  cavity  would  be  dimin¬ 
ished  by  an  influx  of  fluid  on  the  opposite  side.  There  is  a  point  in  this  con¬ 
nection  which  indicates  that  the  mediastinal  structures  may  bear  part  of  the  in¬ 
creased  pressure  of  the  fluid  and  so  maintain  a  pressure  on  the  healthy  side  which 
more  nearly  approaches  normal.  The  study  of  a  number  of  chests  with  massive 
unilateral  effusions  has  shown  that  the  displacement  is  not  always  proportional 
to  the  amount  of  fluid  in  the  pleural  cavity.  The  lung  on  the  affected  side 
has  been  forced  so  firmly  into  the  upper  part  of  the  pleural  cavity  and  is  so  sur¬ 
rounded  by  fluid  that  the  chest  was  of  nearly  uniform  density  with  but  little 
mediastinal  displacement,  while  roentgenograms  of  similar  chests  have  shown 
great  displacement  of  the  midthoracic  organs.  The  only  explanation  which 
might  account  for  this  variation  is  that  the  mediastinum  had  different  degrees 
of  mobility,  so  that  similar  pressures  in  different  individuals  caused  greater 
displacement  in  some  than  in  others.  When  the  pressure  was  relieved  by  the 
removal  of  fluid  without  the  admission  of  air  into  the  pleural  cavity,  the  healthy 
lung  acquired  its  original  density.  This  can  be  explained  either  by  the  relaxa¬ 
tion  of  the  lung  when  the  cubic  contents  of  the  pleural  cavity  were  increased 
as  the  mediastinum  returned  to  its  normal  position,  or  by  the  readjustment  of 
the  intrathoracic  pressures.  The  mediastinal  shadow,  however,  did  not  assume 
the  normal  position  at  once,  but  returned  to  the  midline  gradually.  It  is  pos¬ 
sible  that  the  elasticity  of  the  tissues  separating  the  pleural  cavities  had  been 
temporarily  diminished  by  the  tension  to  which  they  had  been  subjected,  and 
furthermore,  that  sufficient  fluid  could  not  be  removed  by  aspiration  to  rees¬ 
tablish  normal  pleural  pressures  immediately. 

Three  roentgenograms  illustrating  the  effects  of  a  unilateral  effusion  have 
been  introduced  into  this  chapter.  Figures  24  and  25  were  made  at  short  inter¬ 
vals  before  the  pleural  cavity  was  drained,  and  Figure  26  immediately  after  the 
fluid  had  been  withdrawn  through  a  snugly  fitted  catheter.  In  Figure  24  the 
left  cavity  is  obscured  by  the  shadow  of  a  massive  effusion  which  is  of  sufficient 
density  to  obscure  the  rib  shadows  except  at  the  apex  and  in  the  lower  axilla. 
The  heart  and  trachea  are  found  moderately  displaced.  This  displacement  is 
more  marked  in  Figure  25,  in  which  the  increasing  effusion  has  still  further 
obscured  the  shadows  of  the  ribs  and  forced  the  mediastinal  organs  farther  into 
the  opposite  cavity,  resulting  in  a  decreased  aeration  of  the  healthy  lung. 
In  Figure  26,  obtained  on  the  day  following  drainage,  there  is  increased  pene¬ 
tration  of  both  lungs,  indicating  that  on  the  left  side  the  removal  of  the  fluid 
has  allowed  the  lung  to  expand  and  on  the  right  that  the  lung  is  no  longer 
compressed  by  the  displaced  mediastinal  organs.  The  shadows  show  that 
although  the  trachea  and  upper  mediastinum  have  returned  to  their  normal 
positions  the  heart  is  still  displaced.  These  illustrations  show  the  character¬ 
istic  changes  accompanying  the  fulminating  streptococcus  effusions  mentioned 
in  the  preceding  paragraphs. 
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1  ig.  21.  Roentgenogram  illustrating  a  large  pleural  effusion  complicating  a  streptococcus  bronchopneumonia. 


EMPYEMA. 


215 


Fig.  25.— Roentgenogram  illustrating  the  displacement  of  the  mediastinal  and  heart  shadows.  This  exposure  was 

made  two  days  after  the  one  reproduced  in  Fig.  24. 
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Fig.  26. — Roentgenogram  showing  the  effect  of  catheter  drainage  (closed  method  of  treatment)  on  the  effusion 

illustrated  in  Figs.  24  and  25. 
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ENCAPSULATIONS  AND  LUNG  ABSCESSES. 

Encapsulations  of  pus  were  not  unusual  in  streptococcus  infections  but 
were  often  so  obscured  by  large  free  effusions  or  by  consolidated  lung  that 
they  were  not  discovered  until  after  drainage,  or  after  resolution  of  the  pneu¬ 
monia.  They  were  most  frequent  where  the  parietal  and  visceral  pleurae  had 
been  in  contact  along  the  anterior  lappet  of  the  lung,  between  the  lung  and 
the  pericardium,  or  between  the  lobes.  It  was  not  infrequent  to  find  an  encap¬ 
sulation  anterior  or  lateral  to  the  apex  where  the  lung  had  been  floated  against 
the  chest  wall  by  a  large  exudate.  These  encapsulations  occasionally  occurred 
behind  the  hilus  near  the  vertebrae,  where  they  were  not  easily  detected 
because  of  the  difficulty  in  distinguishing  the  shadow  from  that  of  the  root  of 
the  lung. 

The  pus  pockets  which  were  formed  during  the  acute  inflammation  of  the 
pleura  and  the  accumulation  of  a  large  exudate  were  usually  anterior,  between 
the  lobes,  or  paravertebral.  These  locations  were  the  regions  in  which  the  vis¬ 
ceral  and  parietal  pleurae  were  held  together  by  the  buoyant  effects  of  the 
fluid  and  in  which  encapsulation  occurred  when  part  of  the  free  exudate  was 
surrounded  by  adhesions.  In  many  instances  when  empyema  occurred  after 
the  bronchopneumonic  process  was  well  developed,  the  effusions  were  small 
and  were  not  free  in  the  pleural  cavity;  they  resembled  the  empyema  occurring 
after  lobar  pneumonia,  in  so  far  as  they  were  limited  to  the  surface  of  lung 
areas  which  had  shown  the  greatest  consolidation.  Due  to  the  irregular  dis¬ 
tribution  of  the  areas  of  consolidation  these  encapsulations  were  often  multiple. 

Exudates  limited  to  the  interlobar  cleft  originated  either  in  a  pleuritis 
which  developed  soon  after  the  onset  of  the  infection  or  were  subsequent  to 
pneumonia  involving  the  adjacent  parts  of  the  lung.  On  account  of  the  oblique 
position  of  the  interlobar  fissure  the  appearance  of  these  infections  varied  in 
roentgenograms  taken  in  the  anteroposterior  position  according  to  the  type  and 
extent  of  the  inflammation.  The  localized  pleuritis  appeared  either  as  a  nar¬ 
row  line  extending  outward  from  the  hilus  toward  the  periphery,  or  as  a 
cone-shaped  shadow  with  its  base  situated  at  the  margin  of  the  lung. 

The  narrow  shadows  occurred  with  greatest  frequency  among  the  cases 
which  did  not  require  subsequent  operation,  so  that  it  was  assumed  they 
represented  a  localized  fibrinous  pleuritis  involving  but  a  small  part  of  the 
pleura  between  the  lobes.  The  wider  shadows  were  more  often  associated  with 
purulent  exudates  which  necessitated  drainage.  From  the  post-mortem 
pathology  it  is  probable  that  in  many  instances  abscesses  were  an  intermediary 
factor  between  the  pneumonia  and  the  infection  of  the  interlobar  pleura,  but 
it  was  impossible  to  demonstrate  them  by  roentgenograms.  Very  often  after 
an  interlobar  pleuritis  had  resolved  without  surgical  interference  the  shadow 
of  the  thickened  pleura  persisted  as  long  as  the  case  could  be  followed. 

Pockets  of  pus  between  the  pericardium  and  lung  or  between  the  lung  and 
vertebrae  were  difficult  to  diagnose  when  the  pus  was  spread  over  the  pericardial 
shadow.  Further  consideration  of  these  cases,  however,  shows  that  the  heart 
shadow  was  not  increased  in  all  directions  except  by  a  pericardial  effusion  or  an 
acute  cardial  dilatation.  It  is  true  that  some  of  the  encapsulations  between 
the  left  lung  and  the  pericardium  were  so  large  that  the  right  heart  border  was 
occasionally  displaced,  but  in  these  cases  the  outline  along  the  left  border 


218 


SURGERY 


Fig.  27.— Roentgenogram  of  an  empyema  of  the  interlobar  cleft,  with  an  adjacent  resolving  pneumonia, 
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Fig.  28.— Encapsulated  empyema  at  the  right  apex. 
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of  the  encapsulation  did  not  have  the  convexity  which  we  have  learned 
to  associate  with  pericardial  effusion.  Accumulations  of  pus  along  the 
right  of  the  heart  caused  but  little  displacement  of  the  apex  to  the  left 
and  presented  a  straighter  line  than  the  rounded  curved  right  border  of  a  dis¬ 
tended  pericardium.  In  rare  cases  pericardial  effusions  were  so  pocketed  that 
the  pericardium  appeared  irregularly  distended.  Then  they  could  not  be 
differentiated  from  paracardial  encapsulations.  It  was  always  possible,  of 
course,  to  aspirate,  but  on  account  of  the  danger  of  infecting  an  otherwise 
healthy  pericardium  some  surgeons  considered  that  the  Roentgen  ray  afforded 
the  only  safe  method  for  diagnosis  and  preferred  to  explore  rather  than 
attempt  a  diagnostic  aspiration. 

Pockets  posterior  to  the  root  of  the  lung  were  usually  detected  after  the  acute 
pneumonic  process  had  subsided.  The  area  in  which  they  occurred  rendered 
detection  difficult  on  account  of  the  conflicting  shadows  of  the  vertebrae, 
heart,  and  bronchi.  Even  when  plates  were  made  in  the  oblique  position  the 
spinal  gutter  was  often  obscured  by  the  bodies  of  the  vertebrae.  After  the 
pus  had  been  encapsulated  for  several  days  the  adjacent  parts  of  the  posterior 
lobe  reacted  to  the  absorption  of  the  exudate,  the  septa  became  thickened 
and  the  bronchi  prominent,  so  that  the  picture  was  similar  in  many  respects 
to  that  of  a  localized  purulent  bronchitis.  The  actual  shadow  of  the  en¬ 
capsulated  fluid  was  not  often  seen.  If  there  was  a  large  amount  of  pus 
it  cast  a  dense  paravertebral  shadow  with  a  straight  lateral  border,  but 
in  many  instances  the  reaction  in  the  lung  was  the  only  evidence  of  the  smaller 
encapsulations. 

Abscesses  occurred  frequently,  and  serial  plates  afforded  some  opportunity 
to  observe  the  changes  which  took  place  in  the  lung  as  they  developed.  In 
the  majority  of  instances  in  which  a  single  abscess  large  enough  to  be  detected 
occurred  early,  the  infected  area  was  the  site  of  a  slowly  resolving  pneumonia. 
Resolution  had  not  progressed  far,  however,  before  it  was  apparent  that  the 
lung  became  mottled  and  striated.  Rarely  the  pus  was  discharged  into  the 
air  passages  and  the  cavity  which  it  had  previously  occupied  could  be  seen  in 
plates;  more  often,  especially  when  hemolytic  streptococci  were  responsible 
for  small  abscesses,  the  lung  surrounding  the  infected  areas  became  striated, 
but  the  nidus  of  the  inflammation  could  not  be  detected.  The  striae  were 
more  prominent  in  plates  at  later  intervals  and  appeared  as  reasonably  dense 
lines  radiating  from  the  point  of  infection. 

When  the  pleura  was  involved  in  the  inflammatory  process  around  an 
abscess  it  cast  a  hazy  shadow  which  became  heavier  as  the  reaction  to  the 
inflammation  increased.  It  was  not  possible  to  obtain  serial  plates  of  abscesses 
with  a  fluid  line  to  illustrate  their  formation.  At  times  small  pleural  pockets 
showing  both  air  and  fluid  were  observed  just  after  the  pus  had  been  partially 
evacuated  into  a  bronchus,  but  these  did  not  resemble  the  large  cavities,  measur¬ 
ing  several  centimeters  in  diameter,  which  occurred  in  the  peripheral  part  of  the 
lung  and  which  were  accompanied  by  considerable  destruction  of  lung  substance. 
They  may  have  been  formed  by  the  rupture  of  a  large  peripheral  lung  abscess 
into  the  air  passages,  or  they  may  have  followed  a  pleuropulmonary  fistula 
communicating  with  an  encapsulated  empyema.  Relatively  little  acute  reac¬ 
tion  existed  in  the  lung  tissue  adjacent  to  these  large  abscesses,  and  since  the 
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Fig.  29. — Abscess  of  the  apex  of  the  right  upper  lobe, 
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walls  cast  a  dense  shadow  we  may  assume  they  were  of  long  standing  when 
they  were  first  observed;  in  fact,  they  were  seldom  seen  until  several  weeks 
after  the  pneumonia.  On  account  of  the  frequency  of  pyopneumothorax  in 
the  early  cases  and  the  high  percentage  of  pleuropulmonary  fistulse  occurring 
after  drainage  of  streptococcus  effusions,  it  is  probable  that  many  of  these 
large  abscesses  were  of  pleural  origin  and  began  as  encapsulated  empyemata. 
It  was  not  possible  to  determine  from  stereoscopic  plates  whether  the  pleurse 
formed  the  abscess  walls  or  the  abscesses  lay  entirely  within  the  lung.  Usually 
they  appeared  to  be  situated  immediately  beneath  the  chest  wall  without  inter¬ 
vening  lung  tissue.  A  point  of  value  to  the  surgeon  was  the  fact  that  the 
fluid  line  shifted  with  the  changed  position  of  the  patient.  It  was  possible, 
by  making  stereoscopic  exposures  in  various  positions  of  the  patient,  to  discover 
the  lower  limits  of  the  cavity  which  appeared  distinctly  against  the  dense 
tissue  of  the  wall  when  the  fluid  was  allowed  to  gravitate  away  from  the  lower 
parts  and  was  displaced  by  air.  This  procedure  enabled  the  surgeon  to  deter¬ 
mine  the  point  of  election  for  drainage  in  the  cases  in  which  the  lowermost 
parts  of  the  wall  were  so  thick  that  it  was  difficult  to  determine  the  lowest 
point  at  which  an  incision  would  accomplish  complete  drainage.  In  cavities 
in  which  the  fluid  was  found  to  shift  slowly  or  only  partially,  considerable 
desiccation  of  the  contents  was  found  at  operation. 

Abscesses  of  the  glands  at  the  hilus  were  occasionally  anticipated  on 
account  of  the  inflammatory  reaction  in  the  surrounding  lung.  Although  it  was 
not  possible  to  make  a  positive  diagnosis,  because  the  bronchi  overshadowed  this 
area,  the  radial  thickening  of  the  septa  about  these  abscesses  could  be 
depended  on  with  a  fair  degree  of  certainty.  Diagnoses  which  were  made  on 
these  findings  were  confirmed  in  numerous  instances  by  subsequent  operation. 

After  the  resolution  of  the  pneumonia  one  of  the  most  interesting  and 
practical  phases  of  Roentgen-ray  study  was  terminated.  In  cases  of  typical 
lobar  pneumonia  the  opinion  of  the  roentgenologist  was  not  required  as  fre¬ 
quently  as  in  bronchopneumonia,  which  terminated  by  lysis  and  in  which  there 
was  usually  some  doubt  about  the  condition  of  the  lung  and  pleura.  In  some 
camp  base  hospitals  it  was  considered  advisable  to  examine  all  respiratory 
cases  before  discharge  on  account  of  the  insidious  nature  of  these  infections. 
Although  this  was  not  necessary  in  most  instances,  the  pathology  which  was 
frequently  discovered  more  than  justified  the  effort. 

THE  STUDY  OF  CHRONIC  CAVITIES  AND  SINUSES. 

After  thoracotomy  the  surgeon  was  concerned  chiefly  with  the  contraction 
of  the  sinus  walls,  with  the  shape  of  the  cavity  during  the  acute  and  chronic 
stages,  and  with  the  thoroughness  of  the  irrigation  and  drainage.  This  knowl¬ 
edge  was  essential  for  the  proper  and  intelligent  care  of  the  patient.  The  cases 
which  were  treated  throughout  their  course  by  the  canula  and  catheter  method 
of  drainage  did  not,  of  course,  require  such  frequent  roentgenologic  examinations, 
since  the  visceral  and  parietal  pleurae  were  held  in  approximation  as  long  as  the 
catheter  fitted  tightly  and  air  was  excluded.  When  drainage  was  continuous, 
as  in  cases  where  constant  moderate  suction  was  applied  to  the  pleural 
cavity,  the  only  object  in  obtaining  roentgenograms  was  to  exclude  the  possi¬ 
bility  of  abscesses  or  multiple  pleural  pus  pockets.  Many  of  the  empyemata 
treated  in  this  manner  did  not  resolve,  unfortunately,  so  it  became  necessary 
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Fig.  30.— An  encapsulated  pleural  abscess  with  fluid  line. 
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at  some  later  time  to  resect  part  of  a  rib  to  secure  conditions  which  would 
permit  a  permanent  closure  of  the  wound.  Undoubtedly  this  treatment  was 
distinctly  advantageous  even  though  it  did  not  permanently  heal  the  empyema, 
because  examinations  of  these  cavities  after  resection  showed  that  they  were 
uniformly  smaller  than  those  resulting  from  any  other  method  of  drainage  which 
was  attempted  in  large  effusions.  In  other  respects  they  resembled  cavities 
occurring  after  immediate  surgical  drainage  or  after  a  series  of  “medical” 
aspirations. 

Two  methods  of  study  were  available.  In  early  cases  or  in  those  in  which 
there  was  a  very  large  cavity  it  was  always  possible  to  distinguish  the  areas  of 
pneumothorax  in  roentgenograms  made  in  the  anteroposterior  position.  Later, 
when  the  cavities  were  chronic  and  had  contracted  so  that  the  axillary  part 
of  the  chest  was  filled  by  the  expanded  lung,  the  outline  of  the  lung  surface 
could  not  be  seen,  so  it  was  necessary  to  fill  the  cavities  with  bismuth  suspen¬ 
sion  before  an  accurate  idea  of  their  shape  and  size  could  be  obtained.  It  was 
equally  important  to  obtain  stereoscopic  plates  of  these  injected  cavities,  a 
point  emphasized  by  Beck,  who  found  these  methods  helpful  in  the  study  of 

empyema  and  in  the  localization  of  foreign  bodies  in  cases  of  purulent  pleural 
effusion  after  injury. 

In  addition  to  the  method  of  treatment  employed,  the  nature  of  the 
infecting  organism  caused  considerable  variation  in  the  size  and  location  of 
these  draining  cavities,  not  through  activity  in  the  pleura,  but  rather  by  rea¬ 
son  of  the  type  of  pneumonia  with  which  the  particular  organism  was  most 
frequently  associated.  As  mentioned  in  previous  paragraphs,  the  pneu¬ 
mococcus  did  not  produce  large,  free  effusions  even  when  the  consolidation 
had  a  lobular  type  of  distribution,  but  rather  a  circumscribed  collection  of  pus 
in  the  exudate  overlaying  the  inflamed  lung.  Roentgenograms  of  the  thorax, 
following  operations  on  such  empyemata,  showed  that  the  cavities  were  smaller 
than  the  majority  of  those  occurring  after  streptococcus  pneumonia  and  that 
they  weie  most  frequent  in  the  region  below  the  scapula  or  in  the  lower  axilla. 
They  were  also  much  less  chronic  and  showed  less  thickening  of  the  pleura. 
The  streptococcus  cases,  however,  presented  a  variety  of  pictures.  Some  of 
them  resulted  in  small  cavities  which,  except  for  their  chronicity  and  the 
remarkable  thickening  of  the  pleural  layers  so  characteristic  of  streptococcus 
pleuritis,  resembled  empyemata  following  pneumococcus  infections.  There 
was  a  greater  tendency  for  them  to  occur  over  the  anterior  parts  of  the 
chest,  due  probably  to  the  lobular  distribution  of  the  pneumonia.  Then  there 
were  large  cavities  occurring  after  massive  exudates  which  extended  from  the 
angles  of  the  ribs  to  the  midclavicular  line.  Since  it  was  possible  to  aspirate 
these  large  exudates  for  several  days  and  allow  the  pleurae  to  become  adherent, 
they  were  modified  by  treatment  more  than  any  other  type;  and  because 
they  were  most  often  drained  through  a  posterolateral  incision,  the  sinus  which 
resulted  from  the  expansion  of  the  lung  and  the  contraction  of  the  walls  extended 
upward  from  the  wound  below  the  angle  of  the  scapula  toward  the  apex  of  the 
lung.  The  roentgenograms  of  these  cases  were  the  source  of  considerable  infor¬ 
mation  regarding  the  factors  entering  into  the  obliteration  of  the  cavity  and 
the  causes  of  encapsulation  and  imperfect  drainage. 
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Fig.  31.— Roentgenogram  of  a  chronic  empyema  cavity.  There  are  adhesions  to  the  diaphragm  below. 
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THE  EXPANSION  OF  THE  LUNG  AND  THE  OBLITERATION  OF  THE  CAVITY. 

A  study  of  roentgenograms  made  subsequent  to  the  operation  has  led  to 
the  conclusion  that  the  obliteration  of  the  cavity  can  be  accounted  for  by  three 
processes  which,  although  they  are  interdependent,  are  not  equally  effective 
in  bringing  about  cohesion  of  the  pleura  in  different  stages  of  healing.  The  expan¬ 
sion  of  the  lung  is  probably  the  most  important  single  factor,  and  according  to 
the  roentgenograms  could  be  brought  about  by  aspiration  or  catheter  drainage  up 
to  the  time  of  operation.  After  operation  the  lung  was  held  more  fully  expanded 
through  the  application  of  various  types  of  drainage  valves  which  were  designed 
to  augment  the  negative  pressure  in  the  cavity  and  bring  the  pleuree  in  closer 
contact  through  increased  aeration  of  the  diseased  lung.  The  second  factor, 
the  formation  of  adhesions,  appears  to  be  directly  dependent  on  the  ability  of 
the  lung  to  expand  and  fill  the  thorax,  so  that  the  margins  of  the  cavity  can 
be  obliterated  gradually  where  the  lung  is  in  contact  with  the  chest  wall.  ~  The 
third  and  last  mechanical  process  is  the  contraction  of  the  cicatricial  tissue 
composing  the  sinus  wall.  This  has  been  found  to  be  the  only  factor  which 
enters  into  the  closure  of  chronic  empyemata  in  which  the  lung  has  apparently 
reached  the  possible  limits  of  expansion  under  the  abnormal  pleural  conditions 

which  exist  and  in  which  the  pleura  is  so  thick  and  sluggish  that  adhesions  are 
no  longer  produced. 

In  1918  Homans4  reported  a  series  of  cases  in  which  he  attempted  to 
correlate  the  data  furnished  by  roentgenograms  of  pleural  empyemata  and 
various  clinical  observations  regarding  the  time  required  for  the  expansion  of 
the  lung  and  closure  of  the  wound.  He  concluded  that  the  conformation  of 
the  surface  of  the  part  of  the  lung  which  formed  the  inner  wall  of  the  cavity 
was  an  important  index  to  prognosis,  since  the  period  of  convalescence  was 
shorter  when  this  surface  was  concave  than  when  it  was  already  rounded  out 
to  fill  the  cavity.  He  reasoned  that  with  a  concave  surface  there  was  more 
often  sufficient  lung  tissue  between  the  points  at  which  the  lung  was  adherent 
to  the  chest  wall  to  fill  the  cavity  when  the  lung  was  expanded  than  in  those 
instances  when  the  lung  presented  a  convex  surface  outward  and  was  apparently 
expanding  but  was  under  tension  on  account  of  adhesions,  mile  this  tenet 
appears  to  be  true  in  the  early  cases,  there  are  some  points  which  must  be 
considered  before  the  principle  can  be  applied  to  the  chronic  cases  as  well. 

The  surface  of  the  lung  in  the  cases  observed  immediately  after  thora¬ 
cotomy  is  usually  concave,  especially  when  the  margin  of  the  lung  is  adherent  to 
the  diaphragm  near  the  costoplirenic  angle  and  the  apex  is  held  in  its  normal 
location.  It  has  not  been  infrequent,  however,  to  find  the  margin  bound 
firmly  to  the  upper  surface  of  the  diaphragm  at  a  point  some  distance  from 
its  costal  origin.  In  these  cases  the  surface  is  often  convex  because  the  lower 
parts  of  the  lung  are  held  away  from  the  chest  wall,  so  that  the  lung  is  partly 
compressed  and  its  costal  surface  must  eventually  be  called  upon  to  cover  a 
greater  area  if  the  lung  expands  to  fill  the  cavity  than  it  would  under  normal 
conditions.  I  he  second  type  of  convex  surface  is  illustrated  in  Figure  32. 

It  occurs  where  the  under  surface  of  the  lower  lobe  is  partly  adherent  to  the 
diaphragm  but  the  margin  projects  freely  into  the  cavity.  It  has  been  found 
that  cases  of  the  first  type  mentioned,  in  which  the  surface  is  concave  and  is 
not  hampered  by  adhesions,  heal  more  quickly  than  do  those  of  the  convex  type. 
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Fig.  32.— A  chronic  cavity  with  adhesions  over  the  surface  of  the  lower  lobe  preventing  lung  expansion 
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Fluoroscopic  examinations  of  healing  cases  have  further  demonstrated  that 
not  all  concave  lung  surfaces  are  capable  of  expansion  sufficient  to  fill  the 
cavities.  This  has  been  found  true  especially  in  chronic  empyema  when  the 
visceral  pleura  has  been  converted  into  dense  contracted  cicatricial  tissae 
which  is  capable  of  holding  the  lung  away  from  the  chest  wall.  Cavities  of 
this  type  are  similar  to  the  healed  empyema  with  a  pneumothorax.  While 
they  have  been  found  to  resemble  those  earlier  cavities  which  have  offered  the 
best  prognosis  on  cursory  examination,  fluoroscopy  has  shown  that  the  lung  is 
often  incapable  of  expansion  and  is  under  such  tension  that  it  does  not  expand 
on  forced  expiration  or  even  when  expiration  is  impeded  by  closing  the  mouth 
and  nares.  It  appears,  then,  that  fluoroscopic  examination  is  of  more  value  in 
determining  the  actual  expansibility  of  the  lung  than  the  study  of  antero¬ 
posterior  roentgenograms. 

The  fluoroscopic  examination  of  many  of  these  healing  cases  demonstrated 
the  fact  that,  ordinarily,  the  lung  surface  was  much  more  convex  in  the  antero¬ 
posterior  direction  than  along  a  line  from  the  apex  to  the  adherent  margin; 
furthermore,  it  was  found  that  healing  proceeded  more  rapidly  in  this  direc¬ 
tion  so  that  the  chronic  cavity  or  sinus  finally  assumed  an  elongated  shape 
due  to  the  gradual  obliteration  of  the  anterior  and  posterior  margins  by  adhe¬ 
sions.  A  study  of  these  margins  showed  that  they  were  formed  by  the  convex 
lung  surface  and  costal  pleura  which  converged  in  almost  parallel  planes,  so 
that  an  acute  angle  was  formed  at  the  point  of  contact.  This  condition  was 
evidently  the  most  favorable  for  the  formation  of  adhesions  since  the  lung  and 
parietal  pleurae  were  brought  into  contact  in  these  areas  and  became  adherent. 
The  ability  of  the  lung  to  expand  was,  of  course,  always  the  primary  considera¬ 
tion  because  the  production  of  these  adhesions  along  the  margins  of  the  cavity 
was  hindered  if  the  lung  surface  was  under  tension  and  was  not  closely  approxi¬ 
mated  to  the  chest  wall.  While  the  study  of  the  lung  surface  was  most  impor¬ 
tant  early  after  operation,  the  condition  of  the  margins  was  valuable  in  the 
more  chronic  stages.  It  was  apparent  that  the  actual  concavity  or  convexity 
of  the  surface  was  of  prognostic  value  only  insofar  as  it  might  indicate  the 
ability  of  the  lung  to  expand  and  fill  the  cavity,  and  that  adhesions  were  formed 
much  more  rapidly  when  this  surface  was  partially  rounded  and  expanded  so  as 
to  bring  the  pleuree  in  contact  more  closely  at  the  margins. 

The  transition  between  the  stage  when  the  cavity  is  being  obliterated 
rapidly  and  the  period  in  which  the  cicatrix  gradually  contracts  to  form  the 
chronic  sinus  is  illustrated  in  Figures  31  and  33.  These  roentgenograms  were 
made  at  an  interval  of  three  months.  In  the  earlier  illustration  the  margin 
of  the  lung  is  adherent  to  the  surface  of  the  diaphragm  while  the  apex  is  held 
in  the  upper  part  of  the  pleural  cavity.  The  lung  surface  is  convex  on  account 
of  these  basal  adhesions  and  from  the  density  of  the  shadow  which  it  casts  is 
probably  covered  by  a  dense  layer  of  cicatricial  tissue.  The  angle  at  the  upper 
margin  is  acute,  since  it  is  formed  by  the  lung  and  costal  surfaces  converging 
in  nearly  parallel  planes.  In  the  later  illustration,  Figure  33,  the  cavity  has 
diminished  in  size.  The  obliteration  has  taken  place  at  this  upper  margin  and 
along  the  costodiaphragmatic  angle,  but  there  has  been  no  further  adhesion 
between  the  lung  and  diaphragm.  The  roentgenograms  not  only  exemplify 
the  steps  in  the  healing  of  a  cavity  of  this  type,  but  illustrate  the  changes  which 
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Fig.  33. — Roentgenogram  of  the  cavity  illustrated  in  Fig.  31  after  an  interval  of  two  months.  The  cavity  has  been 
reduced  in  size,  but  the  cicatrix  over  the  surface  of  the  lung  prevents  full  expansion. 
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take  place  in  conformation  of  the  cavity  as  it  becomes  more  chronic.  The 
upper  margin  is  less  acute,  the  surface  is  concave,  and  there  is  a  dense  cicatricial 
shadow  over  the  lung  and  the  parietal  wall.  In  the  still  more  chronic  stages, 
the  scar  tissue  is  so  dense  that  adhesions  are  no  longer  formed  and  the  margins 
are  rounded  so  that  approximation  of  the  surfaces  is  no  longer  possible.  Such 
cavities  contract  slowly  and  usually  necessitate  thoracoplasty. 

The  other  factors  which  have  been  observed  to  enter  into  the  closure  of  the 
empyema  cavity  are  concerned  with  changes  in  the  conformation  of  the  pleural 
cavity.  There  are  usually  a  slight  scoliosis,  an  approximation  of  the  ribs  on 
the  affected  side  and  an  elevation  of  the  diaphragm,  all  of  which  tend  to  lessen 
the  volume  of  the  diseased  pleural  cavity  so  that  it  is  never  necessary  for  the 
lung  to  attain  its  former  capacity. 

BISMUTH  SUSPENSIONS  IN  THE  STUDY  OF  CAVITIES. 

Observation  of  the  early  cavities  was  continued  until  the  entire  anterior 
surface  of  the  lung  was  adherent  to  the  chest  wall.  When  this  stage  was 
reached  it  was  impossible  to  study  the  cavities  unless  they  were  filled  with 
material  opaque  to  the  Roentgen  ray,  because  they  were  usually  posterior 
and  were  obscured  by  the  expanded  lung.  Methods  which  had  been  used 
previously  in  the  study  of  cavities  were  found  unsatisfactory.  Roentgeno¬ 
grams  which  were  made  when  probes,  drainage  tubes,  or  Carrel-Dakin  tubes 
were  placed  in  the  cavities  did  not  permit  a  study  of  the  actual  shape  and  depth. 
Attempts  were  made  to  obtain  roentgenograms  with  bromide,  iodide  or 
thorium  solutions,  but  the  plates  were  unsatisfactory  and  severe  local  and 
general  reactions  sometimes  occurred.  Roentgenologists  who  were  using  a 
mixture  of  bismuth  and  petrolatum,  prepared  according  to  a  formula  devised 
by  Beck,5  were  able  to  obtain  excellent  pictures  of  small  cavities,  but  if  the 
cavity  was  large  and  irregular  in  shape  it  was  often  impossible  to  fill  it  com¬ 
pletely  so  that  small  ramifications  could  be  studied.  Because  it  was  so  difficult 
to  fill  the  cavities  perfectly,  the  surgeon  was  occasionally  led  astray  in  his 
estimation  of  the  size  of  cavities,  injected  for  radiograms  just  prior  to 
operation.  The  method  was  modified  by  substituting  cottonseed  oil  for 
petrolatum  as  a  vehicle  for  the  bismuth  subnitrate.  The  cavities  were  filled 
by  allowing  this  bismuth-oil  mixture  to  run  into  the  sinus  so  slowly  that  the 
air  was  displaced  from  the  deepest  recesses,  then  the  opening  was  packed 
tightly  with  a  gauze  strip  which  had  been  dipped  in  a  warmed  mixture  of 
petrolatum,  wax,  and  bismuth.  Stereoscopic  exposures  were  made  with  the 
cavity  filled  and  immediately  after  it  had  been  allowed  to  empty.  After  the 
exposures  it  was  considered  advisable  to  irrigate  the  cavity  with  Dakin’s 
solution  to  remove  all  traces  of  bismuth. 

The  advantages  of  this  procedure  over  the  use  of  pastes  in  the  study  of 
empyema  cavities  were  mainly  due  to  the  liquid  character  of  the  vehicle.  It 
was  easily  removed  in  cases  in  which  there  was  perfect  drainage  and  could 
always  be  flushed  out  except  where  there  were  sacculations  wliich  required 
secondary  operations  before  the  sinus  would  heal.  These  instances  were  rare 
and  where  retention  of  bismuth  did  occur  on  account  of  some  irregularity  of 
the  sinus  wall,  the  operation  revealed  pus  retention  as  well.  For  this  reason 
it  was  especially  valuable  in  chronic  cases  for  it  served  as  an  index  to  the 
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Fig.  34.— A  chronic  cavity  with  a  single  large  drainage  tube. 
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completeness  with  which  the  cavity  was  being  drained  and  irrigated.  It  was 
never  retained  in  any  instance  in  which  an  operation  was  not  necessary  for 
the  proper  treatment  of  the  case. 

Stewart6  studied  a  series  of  cases  in  which  he  employed  all  of  the  methods 
which  have  been  mentioned.  He  concluded  that  it  was  inadvisable  to  under¬ 
take  the  injection  of  large  cavities  for  roentgenographic  purposes,  but  found 
that  small  sinuses  could  be  studied  profitably  after  they  had  been  filled  with  a 
bismuth  paste.  In  shallow  cavities  a  paste  is  certainly  more  easily  handled 
because  liquid  suspensions  are  retained  with  difficulty  unless  the  cavity  holds 
a  considerable  amount  of  the  mixture.  It  does  not  seem,  however,  that  there 
is  any  valid  objection  to  filling  large  cavities  with  oil  suspensions  of  bis¬ 
muth  subnitrate  since  several  hundred  cases  were  profitably  studied  in  this 
manner  at  Walter  Reed  General  Hospital  and  at  General  Hospital  No.  12. 7 
Stewart  reported  one  case  of  poisoning  following  roentgenography.  This  is  the 
only  case  discoverable.  From  a  consideration  of  the  roentgenological  studies 
made  with  oil  and  bismuth  suspension  it  appears  that  the  percentage  of  poison¬ 
ing  has  been  lower  in  patients  in  whom  oil  was  used  as  a  vehicle  than  among 
those  in  whom  pastes  were  introduced  into  the  cavity. 

CONFORMATION  OF  THE  CHRONIC  CAVITY  AND  THE  RELATION  TO  DRAINAGE 

AND  HEALING. 

Bismuth  studies  have  shown  such  variations  in  the  size  and  shape  of  the 
cavities,  which  followed  the  empyemata  occurring  in  1918  and  1919,  that  it 
has  been  difficult  to  draw  any  general  conclusions  in  regard  to  the  prognosis 
of  these  cases  from  such  data  alone.  It  was  obvious,  both  clinically  and  from 
observations  made  in  the  laboratory,  that,  although  large  cavities  would  heal 
under  irrigation  if  they  were  not  chronic,  when  they  reached  a  chronic  stage 
they  often  required  a  collapse  of  the  chest  wall  or  a  decortication  to  effect 
permanent  healing.  Aside  from  this  fact,  the  study  of  the  peculiarities  of 
the  individual  case  was  the  only  criterion  upon  which  judgment  might  be  based, 
because  roentgenology  permitted  the  study  of  one  of  the  factors  only,  the 
conformation  of  the  cavity,  which  entered  into  the  proper  condition  for  the 
healing  of  the  wound.  The  second  factor,  the  bacterial  flora  and  the  degree 
of  sterility  which  might  be  obtained,  depended  usually  on  pathology  which 
could  not  be  discovered  in  roentgenograms.  In  some  instances  bismuth 
studies  of  the  cavities  showed  mechanical  obstructions  to  drainage,  which 
would  account  for  the  chronicity  of  the  discharge  and  the  difficulty  experienced 
in  sterilization. 

A  large  percentage  of  the  chronic  cavities  resulted  from  the  drainage  of 
massive  streptococcus  pleurisies.  The  cavities  following  the  open  drainage 
of  pneumococcus  empyemata  were  never  as  chronic  and,  because  the  pus  was 
less  in  amount  and  sharply  encapsulated,  they  were  usually  smaller  and  more 
varied  regarding  the  location  of  the  thoracotomy  wound.  However,  it  has  been 
pointed  out  that  pneumococcus  empyema  was  most  frequently  posterior  over 
the  lower  lobes,  and,  as  a  result,  the  majority  of  the  thoracotomies  were  in  this 
region.  With  the  larger  streptococcus  effusions,  more  latitude  was  possible 
in  the  selection  of  the  drainage  site  because  the  exudate  could  be  drained  if  the 
incision  were  made  at  any  point  between  the  anterior  axillary  line  and  the 
inner  border  of  the  scapula,  as  the  entire  posterior  half  of  the  pleural  cavity 
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Fig.  35.— The  cavity  illustrated  in  Fig.  34  after  it  had  been  filled  with  a  suspension  of  bismuth  in  oil.  The  cavity 

communicated  with  the  bronchi  through  small  pleuropulmonary  fistula. 
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was  usually  filled  with  fluid.  Regardless  of  the  location  of  the  wound, 
whether  it  was  anterior  or  well  posterior,  the  greater  part  of  the  chronic  cavity 
was  always  in  the  posterior  part  of  the  thorax.  In  those  instances  in  which 
anterior  drainage  had  been  done,  the  main  part  of  the  cavity  was  in  the  scapular 
region  and  extended  forward  to  the  wound  through  a  narrow  sinus. 

The  majority  of  these  cavities  finally  assumed  an  elongated  shape  in  the 
region  of  the  posterior  axillary  line.  Bismuth  injections  have  shown  such  a 
variety  of  shapes  that  it  is  hardly  possible  to  attempt  a  useful  classification 
on  this  basis.  Sixty  per  cent  extended  from  the  thoracotomy  wound  toward  the 
apex  of  the  lung  along  a  longitudinal  axis  which  deviated  slightly  toward  the 
spine  in  the  upper  part  of  the  thorax.  The  distance  between  the  lung  and  the 
chest  wall  was  usually  1  and  2  cm.,  but  the  anteroposterior  diameter  was 
variable,  because  some  of  the  cavities  had  contracted  until  they  were  mere 
sinuses  while  others  reached  from  the  midaxillary  line  to  the  inner  border  of  the 
scapula.  Ten  per  cent  were  similar  in  every  respect  to  those  just  mentioned 
except  that  they  reached  below  the  thoracotomy  wound,  as  shown  in  Figure  37. 
An  additional  10  per  cent  reached  even  to  the  diaphragm,  so  that  the  base  was 
broad  and  the  lung  was  held  away  from  the  chest  wall  by  adhesions  to  the  dia¬ 
phragm,  as  illustrated  in  Figure  32.  The  remainder  were  irregularly  shaped, 
varying  from  sinuses  extending  between  the  lobes  of  the  lung  to  large 
lobulated  cavities  overlying  a  large  part  of  the  lung  surface. 

When  the  cavities  were  of  many  months’  standing,  bismuth  studies  were 
valuable  only  in  so  far  as  they  might  indicate  the  extent  of  any  surgical  pro¬ 
cedure  which  might  be  undertaken;  but  in  the  earlier  stages,  when  marginal 
adhesions  were  being  formed  and  the  cavity  was  diminishing  rapidly  in  size, 
the  shape  of  the  cavity  often  indicated  the  probable  outcome  of  the  case.  The 
majority  of  the  cases,  which  were  easily  sterilized  and  closed  permanently 
within  a  few  months  after  the  operation,  were  of  the  posterior,  elongated  type 
which  resulted  from  low,  posterior  drainage.  It  was  never  possible  to  deter¬ 
mine  definitely  which  cavities  would  heal  and  which  would  become  chronic 
sinuses,  but  the  prognosis  was  always  better  in  the  posterior  elongated  type 
because  of  the  greater  ease  with  which  they  could  be  sterilized.  The  high 
percentage  of  chronic,  refractory  cavities  and  sinuses,  which  fall  in  this  class, 
is  due  to  the  great  number  of  early  cavities  which  assumed  this  shape  before 
they  healed.  The  favorable  results  in  the  early  cases  can  be  accounted  for  by 
the  regularity  of  the  walls  and  the  mechanical  perfection  of  drainage  which 
allowed  better  irrigation  than  was  possible  when  adhesions  had  prevented  the 
proper  expansion  of  the  lung  and  had  caused  the  cavity  to  be  irregular  or  to 
drain  poorly. 

In  a  previous  paragraph  it  was  noted  that  about  60  per  cent  of  the  chronic 
sinuses  were  posterior  and  extended  upward  from  the  wound  toward  a  point  just 
posterior  to  the  apex  of  the  lung,  and  that  a  large  majority  of  the  cavities 
which  healed  early  had  assumed  this  position  before  healing.  A  study  of  cases 
during  various  stages  of  healing  indicated  that  there  were  several  factors 
which  might  cause  the  cavity  to  assume  this  position.  The  first  factor  was 
the  location  of  the  empyemata.  This  was  over  the  posterior  and  lateral 
aspects  of  the  lower  lobe.  This  common  location  of  the  empyemata  did 
not  account  for  the  position  of  the  sinus  following  generalized,  streptococcus 
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Fig.  38.— The  result  of  a  thoracoplastic  operation  on  the  cavity  illustrated  in  Fig.  37. 


238 


SURGERY 


Fig.  39. — The  cavity  illustrated  in  Fig.  32  filled  with  a  suspension  of  bismuth  in  oil 
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Fig.  40. — The  result  of  a  thoracoplastic  operation  on  the  cavity  illustrated  in  Figs.  32  and  39. 
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Fig.  41. — A  shallow  cavity  over  the  posterior  surface  of  the  lung’.  Bismuth-oil  injection. 
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Fig.  42. — The  result  of  a  thoracoplastic  operation  on  the  cavity  illustrated  in  Fig.  41 
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pleuritis,  except  that  the  greatest  accumulation  of  fluid  was  in  the  lower  posterior 
thorax  in  these  cases.  The  selection  of  this  site  for  thoracotomy  tended  toward 
the  localization  of  the  sinus  in  this  area,  but  did  not  explain  the  fact  that  after 
drainage  in  the  anterior  axillary  line  the  anterior  part  of  the  cavity  healed 
rapidly  while  the  posterior  part  persisted  to  form  the  chronic  sinus.  This 
could  be  explained  in  the  first  place  by  the  accumulation  of  exudate  in  this 
region  which  resulted  in  thicker,  cicatricial  layers,  and  in  the  second  place,  by 
the  tendency  of  the  lung  to  adhere  more  quickly  to  the  chest  wall  over  its 
anterior  surface. 

The  remaining  40  per  cent  of  the  chronic  cavities  showed  either  adhesions 
which  prevented  expansion,  or  such  irregularities  in  shape  that  there  was  con¬ 
tinual  pus  retention.  This  retention  of  pus  was  always  associated  with  difficulty 
in  sterilization  and  was  often  due  to  mechanical  factors  which  were  the  result 
of  adhesions  and  the  contraction  of  the  cicatrix  during  the  obliteration  of  the 
cavity.  Since  the  bismuth  mixture  used  was  of  a  consistence  similar  to  the  dis¬ 
charge  from  the  cavities,  it  was  possible  to  determine  the  causes  of  retention 
and  poor  drainage  from  the  roentgenograms  made  immediately  after  the  mass 
was  drained  out,  because  it  collected  in  various  parts  of  the  cavity  in  con¬ 
siderable  amounts  when  drainage  was  obstructed.  Three  main  causes  of  pus 
retention  were  discovered  in  this  manner.  These  were  a  poorly  chosen  opera¬ 
tive  site,  a  contraction  of  a  cicatrized  sinus  which  was  long  and  sinuous  and 
opened  into  a  large  cavity,  and  lobulation  of  the  cavity  by  contraction  of  the 
scar  tissue  until  areas  were  practically  separated  from  the  rest  of  the  cavity  and 
tended  to  form  encapsulated  pleural  abscesses.  In  practically  all  of  these 
instances  in  which  bismuth  was  retained  it  was  easily  removed  by  flushing  even 
though  there  was  some  obstruction  to  its  free  egress.  In  rare  instances  where 
part  of  the  cavity  had  been  separated  by  the  pleural  cicatrix  it  was  removed 
with  greater  difficulty;  a  secondary  thoracotomy  was  occasionally  necessary 
before  the  partially  encapsulated  pus  pockets  could  be  emptied  of  the  retained 
bismuth  and  purulent  exudate. 

Imperfect  drainage  due  to  the  site  of  the  operation  occurred  when  resection 
had  been  done  in  the  anterior  axillary  line  or  high  in  the  posterior  axillary 
line  for  the  drainage  of  a  large  free  exudate  filling  the  posterior  part  of  the 
pleural  cavity.  In  these  instances  the  bismuth  collected  in  the  cul-de-sac 
below  the  level  of  the  drainage  wound  as  shown  in  Figure  37.  Flushing  was 
sufficient  to  remove  the  bismuth;  but  on  account  of  the  improved  drainage 
it  afforded,  a  properly  placed  thoracotomy  opening  hastened  healing.  Occa¬ 
sionally  these  cavities  would  heal  readily  without  secondary  operations  if  they 
were  relatively  recent  and  if  thorough  dakinization  was  carried  out.  The 
obliteration  of  the  cul-de-sac  was  brought  about  by  costodiaphragmatic  adhe¬ 
sions.  The  second  type  of  pus  retention  occurred  where  there  was  no  irreg¬ 
ularity  in  the  shape  of  the  cavity  but  the  sinus  had  been  allowed  to  contract 
before  the  discharge  had  ceased.  These  cases,  a  type  of  which  is  illustrated 
in  Figure  43,  responded  to  dilatation  of  the  sinus.  The  third  type  of  retention 
due  to  adhesions  within  the  cavity  will  be  mentioned  in  the  succeeding  par¬ 
agraphs.  It  is  sufficient  to  state  here  that  it  was  rare  in  pneumococcus 
empyemata  or  in  thoroughly  irrigated  cavities.  While  it  was  possible  to 
ensure  spontaneous  healing  in  these  cases  if  the  faulty  drainage  was  corrected 
early,  when  the  cavity  was  very  chronic  and  refractory  this  seldom  resulted  in 
much  change  in  size,  though  it  was  possible  to  sterilize  a  certain  number  by 
intense  irrigation. 
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Fig.  43. — A  cavity  with  a  narrow,  contracted  sinus.  On  account  of  the  narrow  opening  the  bismuth  and  oil  could 
not  be  removed  without  the  insertion  of  a  catheter.  This  exposure  was  made  before  the  cavity  had  been 
irrigated  to  remove  the  retained  suspension  of  bismuth. 
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Fig.  44. — The  cavity  illustrated  in  Fig.  43  after  dilatation  of  the  sinus  and 
This  exposure,  made  after  an  interval  of  three  months,  demonstrates  the 
cavity  under  this  treatment. 


irrigation  with  sodium  hypochlorite, 
obliteration  of  the  main  part  of  the 


EMPYEMA 


245 


Fig.  45. — An  irrgularly  shaped  chronic  cavity  filled  with  a  suspension  of  bismuth  in  oil 
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Fig.  46. — The  cavity  illustrated  in  Fig.  45,  after  an  interval  of  one  month.  The  cavity  had  been  irrigated  with 
sodium  hypochlorite  solution  during  this  time.  There  was  an  obliteration  of  the  cavity  in  all  its  diameters. 
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When  the  drainage  and  irrigation  were  improved,  cavities  which  had  become 
practically  stationary  usually  diminished  in  size.  This  was  noted  especially 
in  the  very  narrow  sinuses  which  extended  several  centimeters  through 
dense  parietal  cicatrix  and  then  opened  into  a  bulbous  cavity  higher  in  the 
thorax.  The  walls  of  the  cavity  were  either  rounded  or  irregular  and  shallow. 
When  the  sinus  was  dilated  and  C'arrel-Dakin  treatment  assiduously  carried 
out,  roentgenograms  of  the  injected  cavities  showed  that  there  was  considerable 
decrease  in  size  after  an  interval  of  a  few  weeks.  Small  irregular  lobulated 
parts  of  the  cavity  were  the  first  to  be  obliterated  by  adhesions.  In  general,  the 
prognosis  in  so  far  as  the  obliteration  of  the  cavity  was  concerned,  was  best  in 
cases  which  were  not  exceedingly  chronic  and  in  which  the  anterior  and  posterior 
margins  were  thin  and  slightly  irregular.  Margins  of  this  character  could  be 
studied  in  stereoscopic  roentgenograms  of  the  bismuth-filled  cavities.  They 
usually  indicated  that  the  visceral  and  parietal  pleurae  were  still  closely  in 
contact  in  those  areas  and  that  adhesion  was  still  occurring.  When  the  walls 
had  become  thoroughly  cicatrized  these  margins  appeared  rounded  or  obtuse 
on  account  of  the  gradual  contraction  of  the  scar  tissue  which  exerted  tension 
on  the  lung  and  tended  to  separate  the  lung  surface  and  chest  wall  along  the 
edges  of  the  cavity.  When  these  margins  were  so  modified  the  majority  of  the 
cavities  were  practically  stationary  and  there  was  but  slight  change  in  size  even 
after  long  intervals. 

In  spite  of  careful  examinations  during  the  drainage  period  a  certain 
number  of  encapsulated  pus  pockets  were  found  late  in  convalescence.  The 
majority  proved  to  be  abscesses  within  the  parenchyma  of  the  lung  or  pleural 
pockets  some  distance  from  the  draining  tract.  These  abscesses  were  probably 
formed  during  the  acute  inflammation  of  the  pleura,  and  had  been  overlooked 
in  the  early  roentgenograms  because  they  were  obscured  by  the  thickened 
pleura  and  by  the  reaction  in  the  lung  tissue  adjacent  To  the  cavity.  Abscesses 
and  encapsulations  did  occur,  however,  in  cases  where  the  previous  examina¬ 
tions  left  no  doubt  concerning  the  absence  of  pathology  aside  from  the  draining 
cavity.  Many  of  these  encapsulations  were  near  the  draining  tract  and  in 
parts  of  the  chest  which  had  been  previously  occupied  by  cavity,  so  their 
origin  could  be  explained  only  by  assuming  that  they  had  been  formed  through 
the  sequestration  of  a  part  of  the  tract  by  adhesions  or  by  the  contraction  of 
cicatricial  tissue.  Occasionally,  cases  were  found  in  which  series  of  roent¬ 
genograms  at  frequent  intervals  demonstrated  that  irregular  and  lobulated 
cavities  were  at  times  divided  in  this  way  so  that  the  sequestration  of  pus 
actually  occurred.  When  the  sequestra  were  small,  thorough  irrigation  before 
the  connecting  sinus  had  completely  closed  was  usually  sufficient  to  cause 
sterilization  and  healing  of  the  pocket.  Large  sequestra  required  secondary 
thoracotomy.  Roentgenograms  of  massive  effusions  have  shown  the  lung 
floated  against  the  upper  anterior  chest  wall  by  the  accumulation  of  exudate 
m  the  lower  posterior  part  of  the  pleural  cavity.  Autopsies  on  cases  which 
died  within  the  first  few  days  of  the  infection  indicate  that  adhesions 
are  first  formed  over  the  anterior  surface  of  the  upper  lobe  where  the  lung 
and  the  parietal  pleurse  are  in  contact;  when  the  exudate  has  been  partly 
removed  or  has  not  been  sufficiently  large  to  compress  the  lung  into  the 
apex  of  the  pleural  cavity,  the  adhesions  have  occurred  over  correspond- 
ingly  greater  areas  of  lung  surface  and  along  the  rounded  spinal  margin. 
Especially  have  adhesions  been  found  along  the  line  formed  by  the  upper 
border  of  the  exudate.  With  the  gradual  withdrawal  or  absorption  of  fluid, 
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Fig.  47, — A  chronic  cavity  with  lobulation.  Bismuth-oil  injection. 
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Fig.  48. — The  cavity  illustrated  in  Fig.  47,  immediately  after  the  bismuth  mass  had  been  allowed  to  escape. 

There  was  retention  in  the  lobulation.  This  showed  imperfect  drainage. 
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adhesions  have  occurred  along  this  receding  line  where  the  lung  and  chest  wall 
come  into  contact.  As  the  fluid  always  accumulated  in  greater  amounts  over 
posterior  and  lateral  surfaces  of  the  lower  lobe,  these  surfaces  were  the  last 
to  become  adherent.  After  thoracotomy  the  cavity  naturally  corresponded  to 
the  part  of  the  thorax  from  which  the  residual  fluid  was  removed  at  operation. 

The  majority  of  the  cases  appear  to  have  been  drained  surgically  while 
there  was  still  considerable  exudate  in  the  pleural  cavity,  so  the  parietal  pneumo¬ 
thorax  produced  by  the  collapse  of  the  part  of  the  lung  which  was  not  yet 
adherent  prevented  further  contact  of  the  pleurae  in  this  region.  By  filling 
these  cavities  with  bismuth  suspension  the  directions  along  which  adhesions 
were  formed  could  be  determined  by  the  rapidity  with  which  the  cavity 
diminished  in  size  in  a  series  of  roentgenograms.  Certain  parts  of  the  lung 
surface  were  usually  adherent  when  the  first  roentgenograms  were  obtained 
following  the  operation.  The  lung  between  the  angles  of  the  ribs  and  the 
vertebrae,  as  well  as  the  apex  and  that  portion  of  the  anterior  surface  near  the 
mediastinum,  were  found  to  be  bound  to  the  chest  wall  in  a  large  majority 
of  these  early  cases.  It  appears  that  adhesions  were  then  formed  most  rapidly 
along  the  circumference  of  the  lung  surfaces  which  were  most  convex  and 
which  were  capable  of  the  greatest  expansion,  because  the  anteroposterior 
dimension  of  the  cavity  diminished  more  rapidly  than  obliteration  took  place 
from  the  apex  of  the  lung  in  the  direction  toward  the  thoracotomy  wound. 
As  a  result  of  this  difference  in  the  rapidity  with  which  adhesions  were  formed 
in  these  two  directions,  the  chronic  sinus  assumed  the  elongated  shape  pre¬ 
viously  mentioned.  Adhesions  were  formed  much  more  slowly  along  the 
posterior  than  along  the  anterior  margin,  so  the  anterior  and  axillary  lung 
surfaces  were  soon  adherent,  leaving  a  posteriorly  located  cavity  or  sinus. 

The  direction  of  the  chronic  sinus  has  been  referred  to  frequently  in  the  pre¬ 
ceding  paragraphs.  It  was  noted,  in  every  instance  where  the  lung  had 
expanded  and  had  not  been  impeded  along  the  lower  margin  by  adhesions  to  the 
diaphragm  which  held  the  surface  away  from  the  parietal  wall,  that  these 
sinuses  were  directed  posteriorly  rather  than  anteriorly  from  the  thoracotomy 
wound.  This  was  accounted  for  by  the  position  of  the  angles  of  the  ribs  and  the 
increase  in  the  circumference  of  the  lung  at  successively  lower  levels  from  the 
apex  to  the  diaphragm.  Adhesions  were  formed  early  over  the  posterior  surface 
as  far  as  the  costal  angles,  so  there  was  a  tendency  for  the  lower  part  of  the 
posterior  margin  of  the  cavity  to  be  situated  more  anteriorly  than  portions  of 
this  margin  which  were  nearer  the  apex.  Furthermore,  since  the  apex  was 
adherent  early,  the  upper,  anterior  parts  of  the  cavity  were  obliterated  bv 
advance  of  the  adhesions  around  the  lesser  apical  circumference,  while  the 
anteroinferior  parts  were  not  closed  by  adhesions  so  quickly  because  of  the 
greater  extent  of  the  pleural  surface  over  this  greater  lung  circumference.  The 
combination  of  these  two  factors,  together  with  the  sluggish  formation  of 
adhesions  from  the  apex  directly  toward  the  thoracotomy  wound,  accounts  for 
the  oblique  direction  over  the  posterior  surface  of  the  lung  and  the  elongated 
shape  of  the  sinuses. 

PLEUROPULMONARY  FISTULA. 

Pleuropulmonary  fistula  was  a  common  cause  of  delayed  healing.  These 
fistulae  occurred  with  the  greatest  frequency  in  cases  of  chronic  streptococcus 
empyema,  and  because  the  fistulae  were  continual  sources  of  contamination, 
cavities  so  complicated  were  difficult  to  sterilize.  Fistulae  were  usually 
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Fjg.  49.  A  shallow  posterior  empyema  cavity  filled  with  bismuth  suspension. 
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suspected  because  of  the  severe  cough  and  the  expectoration  of  Dakin’s  solution 
during  irrigation.  It  was  believed  that  bismuth-oil  injections  should  not  be 
undertaken  when  the  cavity  communicated  with  the  bronchial  tree,  but  in 
some  instances,  as  shown  in  Figure  35,  the  bronchi  leading  from  the  fistulas 
were  found  filled  with  bismuth  when  there  had  been  no  previous  indication  that 
a  communication  existed.  Ihe  bismuth  either  outlined  the  bronchi  clearly  or 
was  disseminated  throughout  the  affected  lung;  there  were  no  untoward  effects 
from  the  procedure.  Pastes  were  also  employed  with  highly  satisfactory  results 
for  the  localization  of  fistulas  because  they  were  not  scattered  throughout  the 
lung  as  frequently  as  the  oily  suspensions,  but,  in  view  of  a  number  of  cases 
which  show  ed  considerable  amounts  of  opaque  material  in  the  lung  parenchvnaa 
at  long  inters  als  aftei  the  cavity  was  injected,  it  was  considered  inadvisable  to 
emplos  this  procedure  as  a  routine  diagnostic  measure.  Peck  has  emphasized 
the  precautions  which  should  be  observed  in  cases  where  pleurobronchial 
communications  are  known  to  exist.8 

Early  healing  of  cases  beginning  with  a  pneumococcus  infection  was 
more  frequent  than  among  those  following  hemolytic  streptococcus  pneumonia. 
The  streptococcus  cases  went  through  a  chronic  period  of  drainage  and  con¬ 
traction  which  lasted  several  months.  Many  of  them  finally  formed  a  small 
sinus;  others  reached  a  stationary  stage  when  they  were  still  comparatively 
large,  so  that  a  fair  percentage  required  thoracoplastic  operations.  When  it 
was  decided  that  surgical  interference  was  the  only  means  of  treatment  and  that 
it  would  involve  the  removal  of  parts  of  several  ribs,  stereoscopic  plates  of  the 
bismuth-filled  cavities  gave  an  accurate  idea  of  the  location  of  the  cavities  and 
supplied  information  as  to  the  extent  and  character  of  the  operation  that  would 
be  necessary  to  bring  about  approximation  of  the  chest  wall  and  lung  surface. 
The  difficulty  frequently  experienced  in  localizing  points  within  the  thorax  in 
relation  to  the  body  suiface  was  obviated  very  largely  by  stereoscopic  roentgeno¬ 
grams  or  by  fixing  a  coarse  wire  screen  to  the  chest  wall  in  a  manner  described 
by  Beck. 

THE  STUDY  OF  CONVALESCENT  PATIENTS. 

Roentgenograms  obtained  after  the  wounds  were  healed  served  a  manifold 
purpose.  They  were  necessary  in  many  cases  because  physical  examination  was 
not  conclusive  in  regard  to  the  nature  of  the  pathology  which  existed  in  the 
thorax,  because  the  thickness  of  the  pleura  rendered  physical  examination  difficult  . 
This  thickening  of  the  pleura  resulted  in  dullness  and  diminished  fremitus  at  the 
base  and  near  the  site  of  thoracotomy.  To  distinguish  between  such  pleural  thick 
ening  and  an  accumulation  of  fluid  in  the  closed  sinus  by  physical  examination 
alone  was  frequently  impossible  unless  the  fluid  was  purulent  and  the  condition 
was  accompanied  by  elevation  of  temperature  and  other  systemic  reactions. 
While  the  roentgenograms  were  not  always  decisive  as  to  the  nature  of  the  existent 
pathology  it  was  possible  to  choose  the  site  for  exploratory  thoracentesis  more 
intelligently  after  stereoscopic  study. 

Reaccumulations  of  pus  often  occurred  in  the  healed  sinus  tract  and  usually 
were  clinically  evident  from  the  local  reaction  and  the  bulging  of  the  scar.  When 
the  sinus  was  small  the  roentgenograms  did  not  show  an  increase  in  the  shadow 
when  compared  with  those  made  at  previous  exposures  because  there  was 
usually  much  cicatricial  tissue  which  obscured  the  small  accumulation  of  fluid. 
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The  reaccumulations  in  the  larger  sinuses  were  accompanied  by  less  local 
reaction.  The  dullness  and  decreased  fremitus  which  occurred  o\  er  the  old 
cavity  were  often  diagnostic,  of  course,  especially  if  the  temperature  were  ele¬ 
vated.  Roentgenograms  of  these  large  recurrences  showed  dense  shadows  with 
sharply  defined  margins  which  did  not  resemble  the  diffuse  shadow  oi  moderate 
density  found  with  pleural  adhesions  and  cicatrization  alone.  Futhermore, 
shadows  due  to  adhesions  usually  increased  in  density  toward  the  diaphragm, 
while  those  due  to  fluid  were  practically  always  in  the  upper  parts  of  the  thorax 
and  corresponded  to  the  sinus  in  direction  and  location.  Roentgenograms  of 
the  unhealed  cavity  filled  with  bismuth  and  those  obtained  immediately  after 
the  wound  had  healed  were  valuable  for  comparison. 

In  nearly  every  healed  empyema  there  was  a  remnant  of  the  sinus  which 
formed  a  blind  closed  pocket,  so  that  it  may  be  said  that  healing,  in  so  far  as  it 
can  be  applied  to  these  empyemata,  signified  that  the  sinus  or  cavity  had  been 
sterilized,  or  the  discharge  had  so  diminished  that  it  was  possible  for  the  wound 
to  close.  The  small  sinuses  extended  only  through  the  parietal  wall  and  could 
not  be  discerned  in  roentgenograms.  The  larger  sinus  tracts  were  indis¬ 
tinguishable  unless  they  were  air-containing  or  were  filled  with  exudate.  Those 
containing  air,  which  was  retained  on  account  of  the  wide  separation  of  the 
visceral  and  parietal  surfaces  at  the  time  the  drainage  tubes  were  removed, 
when  the  external  wound  was  allowed  to  close,  pursued  one  of  two  courses. 
Usually  the  air  was  gradually  absorbed  and  after  many  months  the  lung  was 
approximated  to  the  chest  wall.  The  second  possibility,  which  was  in  fact  a 
rather  rare  occurrence,  was  that  the  closed,  air-containing  cavity  communicated 
with  the  bronchial  tree  and  instead  of  decreasing  in  size  appeared  larger  in 
later  roentgenograms.  Occasionally  such  cavities  were  reinfected  through  the 
fistulous  communication  and,  if  exudate  accumulated,  showed  a  shifting  fluid 
line.  When  fluid  occurred,  differentiation  between  serous  and  purulent  exudates 
was  impossible  without  exploratory  thoracentesis.  Serous  fluids  were  absorbed 
and  did  not  accumulate  after  having  been  once  aspirated. 

The  roentgenograms  of  these  closed  cavities  were  interesting  in  respect  to 
the  character  of  the  cicatrix  over  the  lung  surface  and  on  the  parietal  wall. 
In  roentgenograms  obtained  during  the  drainage  of  the  cavities  the  paiietal 
pleura  was  always  several  times  thicker  than  that  over  the  lung  and,  although  it 
cast  a  moderate  shadow,  this  shadow  was  never  as  dense  as  that  of  the  cicatrix 
over  the  lung  surface.  Later,  when  the  cavity  had  healed,  this  parietal  layer 
was  very  frequently  so  transparent  that  on  cursory  examination  it  resembled  an 
air-contammg  cavity.  These  pleural  shadows  differed  m  ceitam  lespects  from 
an  encapsulated  pneumothorax  so  that  in  stereo-roentgenograms  diffeientiatiori 
was  always  possible.  The  semitransparent  area  was  always  wedge-shaped 
with  the  base  near  the  diaphragm  and  the  apex  of  the  wedge  near  the  apex  of 
the  lung;  furthermore,  the  density  of  the  shadow  was  found  to  be  similar  to  that 
of  the  tissue  between  the  ribs  and  was  not  as  clear  as  that  of  a  pneumothorax. 
No  explanation  was  found  which  might  account  for  the  transparency  of  the 
thick  parietal  pleura. 

Roentgenograms  following  pneumococcus  infections  showed  a  normal  lung 
parenchyma,  but  those  obtained  after  hemolytic  streptococcus  bronchopneu 
monia  and  empyema  indicate  that  there  is  a  residual  thickening  of  the  septa 
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Fig.  51. — A  healed  pneumothorax  due  to  a  patent  pleuropulmonary  communication. 
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Fig.  52. _ Healed  empyema  showing  a  moderate  elevation  of  the  diaphragm  on  the  affected  side,  and  compensatory 

expansion  of  the  opposite  lung. 
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Flu.  53.  Postoperative  empyema  following  streptococcus  pneumonia,  showing  the  characteristic  lung  markings 

following  the  infection. 
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54. — Healed  empyema  with  an  adherent  diaphragm  and  dilated  bronchi  at  the  site  of  the  healed  wound 
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tio.  55.  Postoperative  empyema  with  a  thickened  interlobar  septum,  thickened  pleura,  and  an  active  tuberculous 

lesion  at  the  right  apex. 
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and  interstitial  tissues  which  persist  as  long  as  it  is  practicable  to  follow  the 
cases.  After  intervals  of  one  or  two  years,  the  septa  could  be  traced  from 
the  bronchi  outward  to  the  margin  of  the  lung.  They  were  always  more 
prominent  in  the  affected  lung.  These  markings  differed  from  the  delicate  fan¬ 
like  apical  lesions  of  tuberculosis  or  the  patchy  mottled  appearance  of  a  tubercu¬ 
lous  bronchopneumonia  in  that  their  distribution  was  throughout  the  whole 
lung  area,  and  the  lines  were  discrete  and  fine  and  radiated  outward  through 
perfectly  aerated  lung.  No  change  has  been  found  to  occur  in  radiograms 
taken  at  various  intervals  during  convalesence.  Dense  nodules  have  been 
found  along  the  course  of  these  markings  in  a  large  percentage  of  the  cases  with 
greater  frequency  than  they  have  occurred  in  the  lungs  of  patients  without  a 
history  of  streptococcus  pneumonia.  Unfortunately  it  was  impossible  to 
obtain  plates  of  these  men  taken  before  the  pneumonia,  so  it  can  not  be  said 
definitely  that  they  did  not  exist  prior  to  the  infection.  In  the  absence  of  a 
tuberculous  history,  both  before  and  after  the  pneumonia,  it  was  believed  that 
they  might  represent  interstitial  changes  in  the  glands  and  lung  parenchyma 
incident  to  the  pneumonia. 

A  diffuse,  basal  bronchiectasis  with  markedly  thickened  bronchi  was 
observed  after  many  of  the  infections.  It  was  usually  confined  to  the  lower 
lobe  after  a  combined  infection  with  hemolytic  streptococcus  and  Pfeiffer’s 
bacillus.  The  bronchi  and  smaller  air  passages  appeared  thickened  and  could 
be  traced  out  to  the  lung  margin  through  the  shadow  of  the  lung  substance, 
while  the  adjacent  lung  appeared  mottled  and  patchy.  This  lesion  was 
especially  common  in  roentgenograms  of  patients  convalescent  from  broncho¬ 
pneumonia  secondary  to  influenza.  It  was  frequently  confused  with  tubercu¬ 
losis  or  with  the  inflammatory  reaction  surrounding  abscesses  or  paravertebral 
pus  pockets.  In  rare  instances  tuberculosis  developed  in  these  bronchiectatic 
areas  after  intervals  of  two  or  three  years  without  modifying  the  picture  in 
such- a  way  that  the  diagnosis  could  be  made  until  the  process  was  well  advanced. 
Apical  bronchiectatic  lesions  have  occurred  in  postinfluenzal  cases,  but  since 
these  lesions  were  not  roentgenologically  distinctive  they  were  considered 
tuberculous. 
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CHAPTER  VI. 

CLINICAL  ASPECTS  OF  STREPTOCOCCUS  PNEUMONIA  AND  EMPYEMA. 

EPIDEMIOLOGIC  CONDITIONS  PREDISPOSING  TO  INFECTION  WITH  HEMOLYTIC 

STREPTOCOCCI. 

Although  empyema  occurred  in  a  small  percentage  of  the  military  personnel 
before  the  induction  of  men  fresh  from  civil  life  to  make  up  the  National 
Army,  it  was  not  until  these  recruits  were  gathered  together  in  the  camps 
that  the  morbidity  and  mortality  rates  for  empyema  were  markedly  increased. 
The  empyema  which  had  been  common  in  civil  life  was  usually  due  to  pneu¬ 
mococci.  The  morbidity  and  mortality  rates  for  pneumococcus  infections  were 
low,  but  as  soon  as  the  camps  were  filled  with  new  men,  infections  with 
hemolytic  streptococci  were  most  common.  This  type  of  infection  had  occurred 
before  during  military  operations.  It  was  prevalent  during  the  War  of  1812, 
and,  according  to  MacCallum,1  probably  occurred  as  a  sequela  of  measles  during 
the  Civil  War.  In  civil  life  hemolytic  streptococcus  pneumonia-empyema  was 
recognized  as  a  frequent  and  much  feared  complication  of  measles  in  children. 
At  times  it  had  been  epidemic  in  parts  of  the  United  States.  It  appears  that 
immediately  before  the  mobilization  of  the  Army  these  minor  epidemics  were 
more  common  than  they  had  been  in  previous  years. 

Cases  of  hemolytic  streptococcus  pneumonia  and  pleuritis  probably 
occurred  in  the  Regular  Army  before  the  last  few  months  of  1917,  but  it  was 
not  until  late  in  that  year  that  they  were  sufficiently  numerous  to  attract 
general  attention.2  Pleuritis  of  unusual  severity  was  observed  along  the  Mexi¬ 
can  border  among  troops  of  the  Regular  Army  and  the  National  Guard.  This 
was  before  the  World  War.  The  pneumonia  and  pleural  infections  were  so 
severe  in  these  cases  that  the  operative  risk  was  great.  Early  in  1917  aspira¬ 
tion  was  adopted  as  a  routine  measure  preliminary  to  operation.  This  method 
of  treatment  was  suggested  at  that  time  by  Keller  3  on  account  of  the  high 
mortality  rate  following  surgical  drainage  of  the  pleural  cavity  during  the  first 
few  days  of  illness.  From  the  descriptions  of  these  cases  it  is  probable  that 
they  were  similar  in  every  respect  to  the  cases  which  were  observed  later  in 
the  military  camps  during  the  mobilization  of  the  National  Army. 

The  first  camps  in  which  any  great  number  of  cases  of  empyema  occurred 
were  Beauregard  and  Wheeler.  These  camps  were  composed  largely  of  men 
drafted  from  the  rural  districts  of  the  Southern  States.  The  epidemics  of 
pneumonia  in  these  camps  were  preceded  in  each  instance  by  an  epidemic  of 
measles,  and  as  pneumonia  became  more  prevalent  the  incidence  of  empyema 
increased.  In  many  of  these  cases  empyema  followed  lobar  pneumonia  but 
the  majority  of  them  were  secondary  to  hemolytic  streptococcus  bronchopneu¬ 
monia.  The  first  cases  of  streptococcus  infection  which  occurred  were  appar¬ 
ently  as  severe  as  those  which  occurred  two  or  three  months  after  the  epi¬ 
demic  began  when  the  morbidity  rate  per  thousand  men  had  reached  its  highest 
peak.  Later,  in  the  spring  of  1918,  a  few  cases  occurred  in  the  northern  camps, 
but,  except  in  a  few  instances,  they  were  scattered  and  the  disease  did  not 
assume  epidemic  proportions. 
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In  those  camps  in  which  streptococcus  pneumonia  was  prevalent  diseases 
of  the  upper  respiratory  tract  were  common  and  the  plotted  curves  of  the 
ratios  (Chap.  II)  of  the  pulmonary  and  common  respiratory  diseases  per 
1,000  men  show  that  pulmonary  and  common  respiratory  infections  had  the 
same  seasonal  variations  and  that  the  ratios  of  their  incidence  were  practically 
parallel  during  various  periods  of  the  year.  In  a  few  isolated  instances  bacte- 
riologic  surveys  showed  that  hemolytic  streptococci  were  responsible  for  a  fair 
percentage  of  the  cases  under  this  heading. 

On  account  of  the  statistics  from  camps  such  as  Camp  Custer,  where 
measles  apparently  played  a  very  subordinate  part  as  a  factor  predisposing 
to  infection  with  hemolytic  streptococci,  and  from  camps  such  as  Camp  Dodge, 
where  the  cases  were  more  equally  distributed  in  regard  to  the  predisposing 
infection — that  is,  between  measles  and  other  common  respiratory  diseases — it 
is  evident  that  measles  was  not  the  only  factor  in  the  dissemination  of  hemolytic 
streptococcus  infection.  It  does  appear,  however,  that  the  majority  of  the 
first  cases  in  the  southern  camps  followed  this  exanthem  and  it  is  probable 
that  on  account  of  the  large  number  of  cases  which  developed,  the  virulence 
of  the  streptococci  was  enhanced  and  that  the  number  of  carriers  was  markedly 
increased  in  these  localities. 

The  increased  number  of  carriers  undoubtedly  had  a  great  influence  on 
the  number  of  new  cases.  When  the  epidemic  first  began  the  infection  was 
probably  direct,  in  the  sense  that  cases  of  respiratory  disease  were  placed 
side  by  side  in  the  wards  of  the  hospital,  and,  on  account  of  the  ease  with  which 
streptococci  pass  from  one  individual  to  another,  a  case  of  streptococcus  ton¬ 
sillitis  could  be  responsible  for  the  direct  infection  of  several  other  individuals. 
In  the  same  way,  a  single  streptococcus  bronchopneumonia  in  a  measles  ward 
might  result  in  the  infection  of  several  other  patients.  Cases  once  infected 
were  prone  to  carry  the  bacteria  in  their  throats  for  a  lengthy  period.  The 
most  rigid  antiseptic  treatment  of  the  fauces  was  of  little  avail  in  terminating 
the  carrier  state.4  These  carriers  were  sources  of  infection  and  distributed  the 
bacteria  among  normal  patients  as  well  as  among  patients  with  the  simpler, 
common  respiratory  diseases.  A  vicious  circle  was  established  by  this  con¬ 
stant  association  of  healthy  men,  carriers,  and  infected  patients.  Patients 
with  the  mildest  respiratory  diseases  were  constantly  in  contact  with  sources 
of  streptococcus  infection,  and  pneumonia  was  naturally  more  common  on 
account  of  these  contacts.  The  role  which  the  increasing  virulence  of  the 
bacteria  may  have  played  can  not  be  determined. 

Bacteriologic  surveys  of  wards  during  the  winter  of  1917  and  1918  showed 
that  streptococci  could  be  disseminated  throughout  a  ward  from  a  single 
infected  case.  This  was  not  only  true  for  wards  of  patients  in  which  there 
were  streptococcus  lung  infections,  but  it  was  equally  true  for  wards  of  patients 
in  which  there  were  carriers  of  streptococci  only.  These  surveys  showed  that 
when  carriers  or  cases  of  bronchopneumonia  due  to  hemolytic  streptococci 
were  admitted  to  wards  previously  free  from  streptococcus  infection,  within 
a  few  days  streptococci  could  be  found  in  the  throats  of  the  majority  of  the 
other  patients.  When  this  occurred  in  measles  wards,  cases  of  pulmonary 
infection  subsequently  developed.  The  practical  application  of  this  observa¬ 
tion  was  carried  out  at  Fort  Sam  Houston  during  February,  March,  and  April 
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of  1918.  All  cases  of  the  exanthemata  were  held  in  an  observation  ward  until 
the  diagnosis  was  made.  During  the  24  or  48  hours  that  the  patients  were 
under  observation  for  diagnosis,  throat  cultures  were  made  to  determine 
the  cases  already  infected  with  streptococci.  Those  not  infected  with  strep¬ 
tococci  were  isolated  from  those  who  were  already  carriers.  The  pulmonary 
complications  following  rubella  were  so  infrequent  that  segregation  of  the 
carriers  was  not  necessary.  This  simple  precaution  resulted  in  a  definite 
decrease  in  the  number  of  secondary  complications  after  measles.  The  results 
of  these  surveys  have  been  published  by  Cole  and  MacCallum,5  and  by 
Clendenning.6 

The  percentage  of  carriers  among  the  personnel  of  the  camps  and  hospitals 
varied  according  to  the  season  and  according  to  the  local  prevalence  of  strepto¬ 
coccus  infections.  No  general  surveys  were  made  during  the  winter  of  1917  and 
1918,  but  during  the  epidemic  of  influenza  in  1918  and  1919  a  survey  which  illus¬ 
trates  some  of  these  variations  was  carried  out  at  Walter  Reed  General  Hospital  in 
Washington,  D.  C.7  There  were  two  waves  of  influenza  at  this  hospital.  The 
first  wave  occurred  during  October  and  November,  1918,  and  the  second  during 
January,  February,  and  March,  1919.  There  were  few  streptococcus  infec¬ 
tions  previous  to  J anuary,  but  during  the  latter  half  of  this  month  and  during 
February,  infections  with  hemolytic  streptococci  were  common.  These  infec¬ 
tions  were  not  confined  to  pulmonary  conditions  but  included  primary  surgical 
infections  and  secondary  infections  of  wounds.  Such  a  circumstance  would  be 
expected  only  if  there  were  an  increase  in  the  number  of  carriers  as  all  infected 
cases  were  carefully  isolated.  The  survey  for  throat  carriers  was  begun  at  a 
time  when  influenza  was  on  the  decline,  yet  pulmonary  streptococcus  infections 
were  at  their  height.  Surprisingly  enough  the  number  of  carriers  among  the 
normal  individuals  selected  for  study  increased  until  the  last  of  April  when 
there  was  a  sharp  decline  in  the  percentage.  During  the  time  that  the  per¬ 
centage  of  normal  throat  carriers  was  increasing,  influenza  had  practically 
died  out  and  there  were  but  occasional  cases  of  bronchopneumonia,  but  there 
were  numerous  instances  of  infections  with  strep toccoci  of  primarily  surgical 
nature.  While  it  is  impossible  to  draw  too  rigid  conclusions  from  a  single 
survey  of  this  kind,  certain  facts  stand  out  preeminently.  First,  it  is  apparent 
that  the  streptococci  were  unable  to  invade  the  lungs  in  the  absence  of  a  pre¬ 
disposing  respiratory  infection.  This  is  evident,  since  during  April,  1918,  there 
were  more  normal  carriers  than  at  any  previous  period,  but  few  cases  of  bron¬ 
chopneumonia  occurred.  There  was  practically  no  influenza  and  little  upper 
respiratory  disease  at  this  time.  Second,  the  number  of  carriers  was  increased 
by  contact  between  carriers  and  normal  individuals  not  previously  infected. 

It  would  appear  from  the  preceding  considerations  that  the  carriers  and 
upper  respiratory  infections  were  responsible  in  a  great  measure  for  the  epi¬ 
demics  of  bronchopneumonia  and  that  a  study  of  these  factors  and  their  rela¬ 
tions  would  explain  the  epidemiologic  variations  found  in  different  camps. 
Previous  experience  in  civil  life  had  demonstrated  the  close  association  between 
measles  and  hemolytic  streptococcus  pneumonia,  so  that  in  camps  in  the  Southern 
States  where  the  two  appeared  almost  simultaneously  there  is  every  reason  to 
believe  that,  since  measles  was  directly  responsible  for  a  large  number  of  cases, 
it  was  the  most  important  epidemiologic  factor.  The  increase  in  the  number 
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of  carriers  following  such  a  widespread  infection,  together  with  the  prevalence 
of  other  respiratory  diseases,  could  account  for  the  fact  that  streptococcus 
bronchopneumonia  was  not  confined  to  cases  of  measles  but  followed  other 
bronchial  infections  and  occurred  long  after  the  epidemics  of  measles  had 
subsided.  In  some  of  the  northern  cantonments  there  were  but  few  cases  of 
measles.  In  these  camps  the  epidemic  of  streptococcus  pneumonia  began 
later  than  in  camps  where  measles  was  the  predominant  primary  infection. 
This  situation  can  be  compared  to  that  at  Walter  Reed  General  Hospital  where 
influenza  was  the  primary  respiratory  disease.  Pneumococcus  infections  were 
the  most  common  but  during  the  latter  part  of  the  epidemic  there  were  numerous 
cases  of  streptococcus  bronchopneumonia.  It  was  a  universal  observation 
that  measles  predisposed  to  an  early  epidemic  of  streptococcus  pneumonia, 
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while  epidemics  of  other  bronchial  infections  might  or  might  not  be  accom¬ 
panied  by  the  disease.  If  it  occurred  it  came  late  in  the  epidemic. 

SYMPTOMATOLOGY  AND  PHYSICAL  SIGNS. 

Streptococcus  bronchopneumonia  and  pleuritis  were  usually  secondary  in 
the  sense  that  they  followed  a  primary  upper  respiratory  infection.  In  some 
camps  the  majority  of  the  infections  followed  measles  while  in  others 
tonsillitis,  bronchitis,  and  pharyngitis  preceded  most  of  the  cases.  In  many 
instances  it  was  difficult  to  elicit  a  history  of  respiratory  disease.  The  patients 
often  gave  a  history  of  cough,  headache,  and  malaise  for  a  few  days  pre¬ 
ceding  the  onset  of  the  pneumonia.  Nosebleed  was  common  in  this  type  of 
infection.  In  some  cases  the  onset  was  sudden,  with  intense  pleural  pain  and 
fever,  but  a  careful  study  of  the  cases  showed  that  there  had  been  predisposing 
respiratory  disease. 
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The  symptoms  at  the  time  of  onset  varied  according  to  the  localization 
of  the  infection.  There  were,  in  fact,  two  types  of  cases.  In  one  type  the 
pleura  was  predominantly  involved  throughout  the  course  of  the  disease.  In 
the  second  type  the  pneumonia  was  the  most  striking  feature.  Cases  with 
evidence  of  early  pleural  irritation  were  most  common  after  tonsillitis,  bron¬ 
chitis,  pharyngitis,  or  mumps.  They  even  occurred  without  a  history  of  a 
preceding  respiratory  disease.  There  were  pleural  pain,  fever,  nausea,  and 
vomiting.  The  onset  was  occasionally  accompanied  by  chill,  but  less  frequently 
than  in  lobar  pneumonia.  The  exudate  usually  developed  early  and  occurred 
in  large  quantities.  Cases  of  the  second  type  began  with  an  aggravation  of  the 
symptoms  of  the  preceding  infection.  When  the  pneumonia  followed  measles 
a  secondary  rise  in  temperature  was  observed  between  the  third  and  the  seventh 
days  after  the  rash  appeared.  These  infections  were  most  frequently  seen 
when  the  measles  had  been  accompanied  by  a  severe  bronchitis.  The  bron¬ 
chitis  became  more  severe  with  the  rise  in  temperature,  the  rales  over  the  bases 
were  more  numerous  and  liquid,  and  the  cough  was  aggravated.  Chills  were 
not  frequent  in  this  type  of  case  and  pleural  pain  was  not  a  striking  feature. 
While  the  majority  of  the  cases  belonged  distinctly  to  one  of  these  types,  cases 
were  observed  in  which  both  the  pneumonia  and  pleuritis  were  severe  in  the 
first  few  days  of  the  infection. 

When  the  pneumonia  was  fully  developed  the  respiratory  distress  was  the 
most  striking  feature  of  the  disease.  Respiratory  embarrassment  was  not 
marked  when  the  pneumonia  was  not  extensive  and  the  infection  was  confined 
mostly  to  the  pleura.  The  respirations  were  always  shallow  at  the  onset  when 
there  was  much  pleural  irritation,  but  as  soon  as  the  pain  subsided  they  assumed 
a  more  normal  character.  When  the  pneumonia  was  extensive  in  both  lungs 
the  respiration  was  rapid,  shallow,  and  labored.  The  patients  were  restless  and 
anxious.  There  was  marked  inspiratory  and  expiratory  embarrassment,  so  that 
the  accessory  muscles  of  respiration  were  brought  into  play  and  the  alse  nasi 
contracted  sharply  with  each  inspiration.  The  respirations  were  usually  40  to 
60  per  minute.  There  was  constant,  exhausting  productive  cough  with  large 
amounts  of  frothy  mucopurulent  sputum.  After  a  severe  paroxysm  of  cough¬ 
ing,  the  patient  was  drenched  with  sweat,  the  respirations  were  shallow  and 
rapid  ana  the  face  was  flushed  or  cyanotic.  Cyanosis  was  common  during  the 
later  stages  of  the  disease. 

During  the  first  two  weeks  of  the  disease,  the  temperature  in  the  majority 
of  the  cases  averaged  102°  to  104°  F.  When  the  infection  was  predominantly 
pleural  it  was  usually  continuous  for  the  first  few  days  after  the  onset,  with 
daily  variations  of  only  one-half  to  one  degree.  As  soon  as  the  pneumonia  was 
fully  developed  the  differences  between  the  morning  and  evening  readings  were 
more  marked,  and  they  were  frequently  as  great  as  3°.  In  certain  cases  the 
pneumonia  was  never  extensive  but  there  were  large  quantities  of  pleural 
exudate.  In  these  instances  the  temperature  was  usually  highest  at  the  time 
the  exudate  was  first  formed.  After  each  aspiration  it  would  fall  1°  to  3°, 
but  would  rise  again  as  more  fluid  was  produced.  This  irregular  temperature 
curve  continued  until  the  time  of  operation. 

These  daily  variations  in  temperature  were  usually  most  extreme  when 
the  patients  were  expectorating  large  quantities  of  mucopurulent  sputum. 
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Occasionally  there  were  drenching  sweats,  and  after  these  sweats  the  tempera¬ 
ture  might  be  normal  for  several  hours,  but  true  crises  were  not  observed  in 
the  streptococcus  infections.  The  high  fever  persisted  in  the  majority  of 
cases  from  three  to  four  weeks.  During  the  third  week  the  morning  tempera¬ 
ture  might  be  normal,  but  evening  elevations  occurred  for  several  weeks  after 
the  empyema  had  been  drained  and  the  bronchopneumonia  had  resolved. 

The  pulse  was  rapid  and  weak.  Herpes  occurred  at  times  but  was  not 
seen  as  frequently  as  it  was  observed  in  lobar  pneumonia.  Vomiting  and 
nausea  were  common  during  the  first  few  days  but  seldom  persisted  beyond 
the  first  week.  Abdominal  distention  was  infrequent.  The  liver  and  spleen 
were  seldom  palpable.  Jaundice,  usually  associated  with  tenderness  over  the 
liver,  was  observed  both  early  in  the  course  of  the  bronchopneumonia  and  im¬ 
mediately  before  death. 

In  cases  of  bronchopneumonia  which  were  not  complicated  by  an  effusion 
at  the  onset  there  was  moderate  dullness  over  the  consolidated  lung.  The  rales 
were  usually  confined  to  the  dull  area  and  were  at  first  fine  and  crepitant,  but 
after  the  second  or  third  day  they  were  coarse  and  bubbling.  In  the  cases  fol¬ 
lowing  an  acute  bronchitis  or  measles  several  such  areas  were  often  observed 
on  the  first  or  second  day  of  the  pneumonia.  As  the  pneumonia  advanced 
these  areas  of  dullness  became  confluent  and  rales  were  heard  over  the  entire 
chest.  The  percussion  note  elicited  was  never  as  flat  as  that  elicited  over  the 
consolidation  of  lobar  pneumonia.  The  breath  sounds  were  bronchovesicular 
or  bronchial  and  they  were  often  suppressed  at  the  onset  of  the  pneumonia. 
Tactile  fremitus  was  diminished  at  first,  but  later  was  normal  or  slightly 
increased. 

When  a  massive  pleural  effusion  developed  within  the  first  few  hours  after 
the  initial  symptoms  of  cough  and  pleural  pain  the  physical  signs  were  often 
similar  to  those  found  in  extensive  lobar  pneumonia.  The  percussion  note 
over  the  affected  lung  was  flat;  the  tactile  fremitus  was  either  increased  or 
normal,  rather  than  diminished,  as  would  be  expected  with  a  large  effusion; 
the  breath  sounds  were  either  suppressed  or  bronchovesicular.  Harsh  bron¬ 
chial  breathing  never  occurred  over  massive  effusions.  There  were,  however, 
several  signs  which  could  be  depended  on  in  the  majority  of  cases  as  differential 
points  between  consolidation  and  fluid.  Tire  most  valuable  sign  was  the  car¬ 
diac  displacement,  which  was  extreme  in  these  cases.  This  cardiac  displace¬ 
ment  was  observed  occasionally  with  complete  consolidation  of  one  lung,  but 
in  such  cases  was  never  more  than  3  or  4  cm.  The  second  differential  sign  was  a 
tympanitic  and  hyperresonant  percussion  note  below  the  clavicle  on  the  side 
of  the  effusion.  Hyperresonance  occurred  at  the  apex  of  the  lung  with  con¬ 
solidation  of  a  lower  lobe,  but  the  percussion  note  was  never  tympanitic. 

The  signs  associated  with  large  effusions  were  usually  less  confusing  than 
were  those  occurring  when  small  amounts  of  fluid  were  encapsulated  at  the  apex 
or  at  the  base  of  the  lung  near  the  large  bronchi.  Collections  of  exudate  in 
these  regions  usually  gave  increased  tactile  fremitus,  dullness,  and  harsh  bron¬ 
chial  breathing.  Fluoroscopic  examination  or  Roentgen-ray  plates  were  valu¬ 
able,  but  aspiration  was  the  only  positive  means  of  diagnosis.  Diagnosis  was 
especially  difficult  when  the  exudate  occurred  late  in  the  pneumonia,  because 
the  pus  was  often  pocketed  between  the  lobes  of  the  lung,  between  the  lung 
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and  the  pericardium,  or  along  the  mediastinal  wall.  Roentgen-ray  examina¬ 
tions  were  essential  in  locating  these  encapsulations  before  diagnostic  aspiration 
was  attempted. 

The  sputum  was  usually  thick,  mucopurulent,  and  tenacious,  and  at  times 
was  blood  streaked.  It  was  especially  copious  in  the  cases  of  extensive  bron¬ 
chopneumonia  secondary  to  the  bronchitis  of  measles.  In  cases  with  a  pre¬ 
dominant  pleural  infection  there  was  little  sputum  during  the  first  week  of  the 
illness.  The  quantity  of  sputum  was  usually  an  index  of  the  extent  of  the  pneu¬ 
monic  process.  When  the  patients  developed  bronchiectasis,  a  lung  abscess,  or, 
when  pus  wras  encapsulated  in  some  obscure  pocket,  the  cough  and  sputum 
were  prominent  features  of  convalescence.  From  the  washed  sputum  of  the 
convalescent  patients  having  these  complications  pure  cultures  of  hemolytic 
streptococci  were  commonly  obtained. 

In  practically  every  case  of  empyema  there  was  a  leucocytosis  of  from 
15,000  to  30,000.  The  polymorphonuclear  neutrophiles  were  usually  increased 
to  about  80  to  85  per  cent,  and  the  small  mononuclears  averaged  5  to  15  per 
cent.  In  cases  following  measles  10  to  15  per  cent  of  transitionals  and  large 
mononuclears  were  frequently  observed.  The  leucocyte  count  was  usually 
12,000  to  15,000  in  those  cases  in  which  pus  had  been  present  for  some  time. 
The  differential  count  was  often  normal.  Occasionally  normal  counts  were 
observed  in  febrile  patients  with  undiscovered  pleural  pockets  of  pus.  When 
streptococcus  bronchopneumonia  and  empyema  followed  influenza  a  leucopenia 
was  the  rule.  In  severe  cases  of  influenza  in  which  the  leucocyte  count 
was  low  (2,000  to  3,000)  before  the  pneumonia  developed  the  count  was  not 
usually  influenced  by  the  secondary  infection  of  the  lung.  Occasionally  during 
the  second  week  of  the  pneumonia  the  leucocytes  would  reach  8,000  to  12,000. 
The  count  seldom  exceeded  15,000.  The  differential  count  wras  either  normal 
oi  there  vras  a  decided  lymphocytosis  (40  to  60  per  cent).  Anemia  was 
never  a  prominent  feature  of  the  acute  cases,  but  was  common  in  long  continued 
cases  with  undiscovered  pleural  foci. 

The  ui  me  was  small  m  amount  during  the  height  of  the  fever.  There  were 
usually  traces  of  albumin  and  a  few  hyaline  and  granular  casts.  Red  cells 
were  found  occasionally. 

CONDITIONS  ASSOCIATED  WITH  EMPYEMA. 

In  the  chapter  on  pathology  a  study  of  the  available  autopsy  material 
showed  that,  in  the  majority  of  the  fatal  cases,  the  infection  had  extended 
beyond  the  lung  and  pleura  affected  at  the  onset  and  that  multiple  foci  occurred 
throughout  the  body.  It  would  hardly  be  proper  to  speak  of  these  secondary 
infections  as  complications  of  the  pleuritis,  since  the  pleuritis  was  in  fact  sec¬ 
ondary  to  the  pneumonia  and  was  but  an  expression  of  the  avidity  with  which 
the  bacteria  spread  from  the  lung  to  the  adjacent  tissues.  Since  the  pneumonia 
was  the  primary  focus  from  which  the  bacteria  were  disseminated,  infections  of 
the  pericardium,  peritoneum,  and  viscera  have  been  termed  “  conditions  asso¬ 
ciated  with  empyema.”  In  rare  instances  the  pericardium  was  probably 
infected  by  a  direct  extension  from  the  pleura  overlying  the  pericardial  sac. 
When  the  infection  took  place  by  this  route  the  pericarditis  was  in  the  strictest 

sense  secondary  to  the  pleuritis.  Exceptions  such  as  this,  however,  occurred 
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only  when  viscera  immediately  contiguous  to  the  pleural  surface  were  in 
vaded.  In  some  instances  resolution  of  the  pneumonia  was  undoubtedly 
delayed  on  account  of  the  pleural  infection  and  secondary  foci  developed  late 
during  the  course  of  the  disease. 

Bilateral  pneumonia  and  empyema  were  associated  in  29.64  per  cent  of  all 
the  cases  with  a  resultant  mortality  of  49.4  per  cent.  The  association  of  these 
conditions  was  most  common  during  the  first  four  weeks  of  the  disease.  It 
occurred  in  approximately  70  per  cent  of  the  fatal  cases  dying  within  this 
period,  40  per  cent  of  which  were  associated  with  a  unilateral  empyema.  In 
the  remaining  60  per  cent  both  pleural  cavities  were  infected.  The  mortality 
was  much  higher  in  the  cases  with  streptococcus  pneumonia.  Of  the  c uses 
which  had  bilateral  pneumonia  and  unilateral  empyema  due  to  streptococci 
42.2  per  cent  died.  When  both  pleurae  were  involved  the  mortality  was  89.1 
per  cent.  Unilateral  empyema  and  bilateral  lobar  (pneumococcus)  pneumonia 
had  a  mortality  of  21.6  per  cent.  When  the  empyema  was  bilateral  the  mor¬ 
tality  was  78.3  per  cent.  Bilateral  staphylococcus  pneumonia-empyema  was 
invariably  fatal.8 

There  were  two  types  of  cases  with,  these  associated  conditions.  In  the 
first  type  of  infection  the  process  was  so  rapid  that  both  lungs  and  pleurae 
were  involved  within  the  first  four  days  after  the  onset  of  the  pneumonia. 
This  course  was  rather  to  be  expected  among  the  cases  which  began  with  in¬ 
tense  pleural  pain  and  an  audible  friction  sound.  The  exudate  in  the  pleural 
cavity  first  affected  was  usually  large  and  measured  from  1  to  3  liters.  The 
opposite  cavity  contained  smaller  amounts  because  the  blood  stream  was 
usually  invaded  and  death  occurred  before  large  quantities  were  produced. 
Pericarditis  occurred  frequently,  but  the  diagnosis  was  not  always  made  be¬ 
cause  the  effusions  were  small  and  the  inflammatory  reaction  often  did  not 
progress  beyond  the  serofibrinous  stage.  Occasionally  a  friction  rub,  syn¬ 
chronous  with  the  heart  beat,  was  audible  over  the  precordium.  The  patients 
complained  of  intense  precordial  or  abdominal  pain.  In  the  second  type  of 
case  the  course  was  not  as  rapid,  and,  especially  when  the  bronchopneumonia 
was  secondary  to  measles  or  influenza,  extension  proceeded  in  a  more  leisurely 
manner.  Both  lungs  were  often  affected  before  the  exudate  was  formed,  the 
pneumonia  being  recognizable  in  the  beginning  by  patches  of  rales,  consolida¬ 
tion,  and  bronchial  breathing.  These  patches  coalesced,  the  dullness  over  the 
involved  areas  increased  and  the  breath  sounds  became  distant.  4  he  pleural 
cavities  were  not  involved  simultaneously.  Aspiration  often  yielded  only  a 
few  hundred  cubic  centimeters  of  seropurulent  lluid.  While  the  prognosis 
was  exceedingly  poor  in  bilateral  pneumonia  and  empyema  when  both  ca\  i- 
ties  were  infected,  the  later  type  of  case,  in  which  there  was  an  interval  of 
several  days  between  the  time  that  the  first  cavity  was  infected  and  the  op¬ 
posite  cavity  was  involved,  offered  a  better  opportunity  for  treatment.  The 
pus  was  aspirated  until  the  pneumonia  had  subsided.  The  closed  method  of 
aspiration  through  a  stab  wound  was  especially  valuable,  as  this  method  offered 
an  opportunity  for  frequently  emptying  the  cavities  without  disturbing  the 
patient.  The  lungs  could  be  kept  expanded  to  their  fullest  capacity  if  the 
fluid  was  withdrawn  at  intervals  of  four  or  five  hours. 

Bilateral  empyema  was  most  common  during  the  fifth  week  of  the  pneu¬ 
monia.  It  was  always  associated  with  an  active  pulmonary  process  in  both 
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lungs  in  those  cases  in  which  the  two  pleural  cavities  were  infected  within  a 
period  ol  a  few  days.  When  the  interval  between  the  beginning  of  the  infec¬ 
tions  on  the  two  sides  was  greater  than  two  weeks  the  pneumonia  on  the  side 
primarily  affected  had  usually  resolved  before  the  second  empyema  occurred. 
The  incidence  of  these  bilateral  infections  was  much  lower  after  the  fifth  week. 
Bilateral  infections  occurred  in  about  1.3  per  cent  of  the  cases  which  recov¬ 
ered  and  in  23  per  cent  of  the  fatal  infections.  The  mortality  was  89. 7,  79.7, 
and  100  per  cent,  respectively,  among  the  streptococcus,  pneumococcus,  and 
staphylococcus  cases. 

Pericarditis  was  especially  common  among  the  cases  which  died  after 
the  first  few  days  of  the  disease.  It  occurred  in  1.5  per  cent  of  the  living 
eases  and  in  18.7  per  cent  of  those  dying  before  the  eighth  week  after  the  onset 
of  the  pneumonia.  The  mortality  was  85.8  per  cent  among  the  cases  in  which 
it  occurred.  It  was  associated  most  commonly  with  a  bilateral  streptococcus 
pneumonia  and  empyema.  Peculiarly  enough,  pericarditis  was  rare  before 
the  fourth  or  fifth  day  of  the  infection.  Apparently,  even  in  the  most 
fulminating  cases  with  bilateral  pneumonia  and  empyema,  which  developed 
with  great  rapidity,  the  extension  of  the  infection  was  not  sufficiently 
rapid  to  reach  the  pericardium  before  the  patients  died.  After  the  first 
week  pericarditis  was  increasingly  frequent.  The  symptoms  were  often 
masked  by  the  pneumonia  and  the  presence  of  fluid  so  that  a  diagnosis 
was  difficult,  but  the  one  outstanding  symptom  was  precordial  pain,  which 
occurred  in  a  majority  of  these  patients  and  was  associated  with  a  pericardial 
rub.  This  rub  was  of  a  to-and-fro  character  and  in  most  instances  it  was 
transient,  but  it  it  persisted  for  several  days  the  prognosis  was  better  than 
when  it  was  heard  only  at  the  onset  of  the  pericarditis.  It  would  seem  that 
in  the  instances  in  which  the  pericardial  infection  did  not  progress  beyond  the 
fibrinous  stage  the  process  was  self-limited,  but  when  exudate  was  formed  in 
amounts  which  would  render  the  rub  inaudible  the  process  went  on  to  pus 
formation.  The  blood  cultures  were  usually  positive  in  these  cases.  In 
some  instances  the  pericardium  was  infected  before  the  blood  stream  had  been 
invaded.  The  pericardial  exudates  were  small  and  in  the  majority  of  instances 
the  condition  of  the  patients  did  not  warrant  surgical  drainage.  In  a  limited 
number  of  cases,  in  which  the  pericarditis  occurred  so  late  in  the  course  of  the 
infection  that  the  pneumonia  had  resolved,  the  sac  was  drained  through  a 
wide  apical  incision.  A  few  of  these  cases  recovered  from  the  infection  but 
died  after  an  interval  of  several  months  from  cardiac  dilatation  and  insufficiency. 

Although  peritonitis  was  found  at  autopsy  in  fully  20  per  cent  of  the  cases, 
it  occurred  in  only  2.8  per  cent  of  the  total  number  of  empyema  cases.  The 
peritoneum  was  invariably  infected  after  the  pneumonia  had  extended  to  both 
lungs  and  there  was  clinical  evidence  of  a  pericarditis.  It  was  uncommon 
before  the  fourth  day  of  the  disease.  The  symptoms  and  physical  findings 
were  inconstant.  When  the  patients  were  not  moribund  they  complained  of 
abdominal  pain  which  was  often  definitely  localized  in  the  upper  quadrants  of 
the  abdomen;  audible  friction  rubs  were  common  over  the  liver  and  spleen; 
and  there  were  rigidity  and  tenderness.  The  mortality  was  97.3  per  cent  among 

the  cases  in  which  this  complication  occurred.  The  blood  cultures  were  always 
positive. 
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The  thoracic  conditions  associated  with  empyema  were,  of  course,  more 
common  than  the  conditions  involving  other  viscera.  Aside  from  peritonitis, 
extrathoracic  complications  were  infrequent.  Endocarditis,  erysipelas, 
arthritis,,  phlebitis,  multiple  abscesses,  mastoiditis,  otitis  media,  and  menin¬ 
gitis  were  observed  in  a  small  percentage  of  the  cases.  Endocarditis  and 
meningitis  were  always  fatal.  The  remainder  of  the  complications  mentioned 
were  found  as  frequently  among  the  cases  which  survived  as  among  those 
which  died,  and  so  can  not  be  considered  as  conditions  directly  responsible 
for  death. 

One  of  the  most  common  of  the  extrathoracic  conditions  was  the  tendency 
to  multiple  streptococcus  abscesses  of  the  muscles  and  fasciae.  The  abscesses 
were  most  common  in  the  epigastrium  in  the  sheath  of  the  rectus  muscle,  and 
were  seen  less  frequently  in  the  pectoral  muscles  or  in  the  subcutaneous  tissues. 
They  usually  occurred  in  the  course  of  streptococcus  pneumonia,  but  repeated 
blood  cultures  on  these  cases  failed  to  demonstrate  a  bacteriemia.  They  were 
not  confined,  however,  to  cases  of  empyema  and  pneumonia,  but  were  observed, 
at  times,  in  septicemia  following  a  primary  phlegmon  due  to  hemolytic  strepto- 

COCCI. 

GENERAL  CONSIDERATIONS  OF  TREATMENT. 

The  treatment  of  these  cases  of  bronchopneumonia  and  empyema  was 
modified  to  a  great  extent  during  the  spring  of  1918.  Until  that  time  no  dis¬ 
tinction  had  been  made  between  the  treatment  of  empyema  following  lobar 
pneumonia  and  that  occurring  during  the  course  of  a  streptococcus  broncho¬ 
pneumonia.  The  same  principle  had  been  followed  in  either  case;  and,  re¬ 
gardless  of  the  fact  that  the  two  conditions  were  pathologically  and  clinically 
distinct  entities  requiring  different  procedures,  all  the  cases  were  surgically 
drained  by  thoracotomy  or  rib  resection  as  soon  as  the  diagnosis  of  empyema 
was  made.  The  infections  differed  in  two  respects.  First,  the  course  of 
streptococcus  bronchopneumonia  extended  over  weeks  while  the  acute  stage 
of  the  pneumococcus  infections  was  limited  to  a  period  of  several  days  and 
was  terminated  in  most  instances  by  a  crisis.  After  the  crises  the  patients 
could  be  operated  on  without  danger.  Second,  the  streptococcus  effusions 
were  large  and  occurred  during  the  height  of  the  pulmonary  infection;  while 
those  due  to  pneumococci  were  small,  were  encapsulated,  and  were  diagnosed 
after  the  crisis  in  at  least  80  per  cent  of  the  cases. 

On  account  of  the  severity  of  the  infection  and  the  high  mortality  among 
cases  of  bronchopneumonia  it  was  felt  that  palliative  measures  might  bridge 
over  the  acute  stage  of  the  pneumonia  until  a  time  when  the  patients  would 
be  better  operative  risks,  and  that  the  risk  would  then  be  no  greater  than  that 
taken  when  cases  of  empyema  following  lobar  pneumonia  were  operated 
on  within  two  or  three  days  after  the  crisis.  In  1917,  Keller3  had  suggested 
that  if  the  effusions  were  aspirated  for  several  days  the  shock  at  operation 
might  be  less  severe.  He  carried  out  this  procedure  in  a  few  cases  with 
excellent  results.  Aspiration  was  again  attempted  at  Camp  Dodge  early  in 
1918.  In  April,  1918,  a  commission  was  appointed  by  the  Surgeon  General 
of  the  Army  to  study  the  question  of  treatment.9  This  commission  found, 
however,  that  other  measures  were  required  in  addition  to  those  already  sug¬ 
gested.  The  results  of  the  study,  which  was  carried  out  at  Camp  Lee,  Va., 
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were  published  during  the  summer  of  1918  and  served  as  a  guide  for  the  treat¬ 
ment  of  the  cases  occurring  after  that  time.  The  material  in  this  report  has 
been  used  freely  in  the  following  paragraphs. 

ASPIRATION  OF  INFECTED  PLEURAL  EFFUSIONS. 

When  streptococcus  pneumonia  and  empyema  first  occurred  in  the  Army 
camps  it  was  customary  to  drain  the  effusions  immediately  the  diagnosis 
was  made.  An  operation  undertaken  at  this  time  meant  that  the  patients 
must  be  subjected  to  the  shock  of  operation  at  a  time  when  they  were  not  fit 
surgical  risks.  They  were  poor  risks  for  several  reasons.  First,  the  pleuritis 
occurred  either  at  the  onset  of  the  pulmonary  infection  or  during  the  course 
of  an  extensive  bronchopneumonia  when  the  majority  of  the  patients  were 
dyspneic  and  cyanotic.  The  cyanosis  and  the  dyspnea  were  always  most 
striking  in  those  cases  in  which  there  was  an  extensive  parenchymal  lung  in¬ 
fection.  In  addition,  the  effusions  were  usually  large  and  the  adhesions 
between  the  lung  and  parietal  wall  were  not  sufficient  during  the  first  few 
days  of  the  disease  to  prevent  the  collapse  of  the  lung  when  the  pleural  cav¬ 
ity  was  opened.  The  collapse  of  the  lung  at  operation  still  further  diminished 
the  already  embarrassed  pulmonary  ventilation.  This  chain  of  circumstances, 
the  extensive  pneumonia,  the  large  free  effusion,  and  the  collapse  of  the  lung, 
was  often  immediately  fatal.  Second,  the  fever  was  usually  at  its  maxi¬ 
mum  when  the  exudate  was  formed;  in  fact  in  many  cases  an  elevation  of  one 
or  two  degrees  was  observed  just  at  this  time.  The  patients  were  some¬ 
times  delirious,  and  refused  to  take  fluids  by  mouth.  When  the  effusions  were 
drained  during  this  intensive  toxemia,  the  delirium  was  often  more  marked  and 
all  nourishment  and  fluids  were  refused  for  the  following  two  or  three  days. 
The  increased  dyspnea  and  the  diminished  food  and  fluid  intake  augmented 
the  toxemia,  so  that  no  immediate  benefit  was  derived  from  the  operation. 
When  the  operations  were  delayed  until  the  second  or  third  week  after  the 
onset  of  the  pneumonia,  however,  the  condition  of  the  patient  was  so  much 
improved  that  drainage  could  be  accomplished  with  less  danger. 

During  the  interval  between  the  time  that  the  pleuritis  was  first  diagnosed 
and  the  time  that  the  patient  was  in  condition  to  withstand  an  operation  the 
effusions  were  removed  by  aspiration.  For  this  procedure  a  Potain  apparatus 
was  used.  Three  or  four  aspirations  were  usually  required  at  intervals  of  one 
or  two  days.  After  the  third  or  fourth  aspiration  the  exudate,  which  was  at 
first  serous  and  straw  colored,  became  thick,  creamy,  and  purulent,  and  at 
times  it  could  not  be  drawn  through  the  needle.  The  quantities  of  fluid  aspi¬ 
rated  varied,  the  greatest  quantities  being  usually  obtained  in  each  case  at 
the  second  or  third  aspiration.  The  effusions  were  usually  largest  in  cases 
in  which  the  onset  of  the  pleuritis  was  during  the  first  week  of  the  pneumonia, 
dhe  amounts  which  were  obtained  often  varied  greatly  on  different  days, 
because  adhesions  and  encapsulations  would  be  so  formed  that  parts  of  the 
caA  ity  could  not  be  emptied.  The  quantities  of  exudate  and  the  intervals 
between  aspirations  in  10  typical  cases  are  shown  in  Chart  LXV.  The  inter¬ 
vals  are  reckoned  from  the  onset  of  the  pneumonia.  In  some  of  these  cases 
it  can  be  seen  that  aspiration  was  not  always  successful,  and  that  when  the 
effusions  were  small,  dry  taps  were  common.  Occasionally  only  a  few  cubic 
centimeters  could  be  obtained. 
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INTERVALS  IN  DAYS  BETWEEN  ASPIRATIONS 

Chart  LXV. — Aspiration  of  10  typical  cases  of  streptococcus  pleuritis. 
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Naturally  the  most  important  question  was  in  regard  to  the  time  which  was 
best  suited  for  the  surgical  drainage  of  the  empyema.  This  depended  on  the 
condition  of  the  patient  and  on  the  character  of  the  exudate  obtained  at 
aspiration.  The  patient  was  judged  to  be  in  fit  condition  for  an  operation  when 
the  bronchopneumonia  was  no  longer  active.  From  the  physical  signs  alone  it 
was  impossible  to  be  certain  that  the  pneumonia  was  resolving,  because  dullness 
and  coarse  rales  persisted  in  some  cases  for  several  weeks.  The  tem¬ 
perature,  respirations,  and  pulse  rate  were  the  most  reliable  guides.  When 
they  showed  a  definite  trend  toward  normal  and  the  patients  were  no  longer 
toxic,  surgical  drainage  was  usually  carried  out  at  once.  The  second  criterion 
in  regard  to  the  time  for  operation  was  the  character  of  the  exudate.  Operation 
was  usually  delayed  until  the  exudate  was  no  longer  serous  or  serosanguineous, 
but  was  purulent  and  contained  numerous  fibrin  flakes.  It  was  thought 
from  a  study  of  the  autopsies  that  when  the  fluid  was  purulent  and  contained 
numerous  flakes  of  fibrin,  adhesions  had  been  formed  between  the  visceral 
and  parietal  pleurge  which  would  prevent  the  collapse  of  the  lung  when  the 
pleural  cavity  was  opened.  One  of  the  indications  for  immediate  operation 
was  pyopneumothorax  with  symptoms  of  cardiac  embarrassment.  Frequently 
patients  with  pyopneumothorax  were  seen  with  cyanosis  of  the  extremities, 
and  an  almost  imperceptible  pulse.  In  these  cases  aspiration  was  not  as 
effective  as  immediate  drainage  for  the  relief  of  the  symptoms. 

A  statistical  study  of  cases  of  empyema  which  came  to  operation  shows 
that  the  end  of  the  second  week  after  the  onset  of  the  pneumonia  was  probably 
most  favorable  for  surgical  intervention.  A  series  of  264  cases  has  been  chosen 
for  this  study.  One  hundred  and  two  of  the  cases  died  within  a  few  days  after 
the  operation,  while  the  remaining  162  recovered.  Since  the  mortality  is 
about  40  per  cent  (approximately  the  mortality  among  the  total  number  of 
cases  of  pneumonia  associated  with  empyema  in  the  Army),  it  is  fair  to  assume 
that  these  cases  represent  a  fair  section  of  the  entire  epidemic.  When  these 
cases  are  charted  according  to  the  interval  between  the  onset  of  the  pneumonia 
and  the  drainage  of  the  empyema  by  rib  resection,  it  is  observed  that  the 
majority  of  the  patients  who  were  operated  on  during  the  first  week  of  the 
disease  died,  while  the  majority  of  those  operated  on  during  the  second  and 
third  weeks  lived.  The  highest  point  of  the  mortality  curve  falls  on  the  seventh 
day,  while  the  highest  point  foi  the  living  cases  occurs  at  the  end  of  the  second 
week.  Now,  if  the  mortality  following  operation  is  compared  with  the  average 
temperatures  on  the  days  the  operations  were  done  several  interesting  points 
are  at  once  apparent.  First,  the  average  temperatures  on  the  days  of  the 
operations  were  higher  among  the  patients  who  died  than  among  the  patients 
who  lived.  Second,  the  maximum  mortality  and  the  peak  of  the  temperature 
curve  fall  about  the  seventh  day  of  the  pneumonia.  Third,  the  lowest  average 
temperatures  occurred  about  14  days  after  the  disease,  when  the  mortality 
after  operation  was  lowest.  The  conclusions  to  be  reached  from  these  points 
are  obvious.  The  temperatures  indicate  that  the  infections  were  most  acute 
during  the  first  week  of  the  disease  and  that  operations  were  most  often 
fatal  during  this  interval  when  the  high  fever  indicated  an  active  pneu¬ 
monia.  During  the  second  and  third  weeks  the  lower  temperatures  indicated 
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that  the  pulmonary  infection  was  subsiding.  This  was  also  the  most  favorable 
time  for  operation.  The  high  temperatures  observed  on  the  day  of  operation 
after  the  second  week  of  the  disease  were  probably  due  to  the  pleural  infec¬ 
tion  and  not  to  the  pneumonia.  It  is  difficult,  however,  to  refute  the 
argument  that  the  majority  of  the  fatalities  occurred  early  in  the  course  of 
the  infection,  regardless  of  operation,  and  that  the  grouping  of  the  fatal  post¬ 
operative  cases  in  the  first  week  might  be  accounted  for  in  this  way. 

There  is  no  way  in  which  the  records  of  the  patients  in  the  Army  camps 
can  be  used  to  establish  beyond  question  the  value  of  a  delayed  opera¬ 
tion  in  lowering  the  mortality  rate.  Although  the  reports  of  the  Camp  Lee 
commission  and  the  reports  from  Camp  Pike,  where  aspiration  by  trocar  and 
canula  was  resorted  to,  show  that  the  mortality  was  lower  in  the  groups  of 
cases  treated  in  this  way  than  among  those  treated  by  immediate  operation, 
the  cases  treated  by  preliminary  aspiration  occurred  during  the  last  few 
weeks  of  the  epidemic,  when  the  severity  of  the  infection  was  subsiding,  or 
were  mild  infections  scattered  throughout  the  spring  and  summer  months  of 
1918.  In  Chart  LXVII  is  a  series  of  cases  treated  by  catheter  drainage  and 
with  antiseptics.  This  series  shows  that,  although  the  mortality  was  low  in 
the  144  cases  which  have  been  collected  for  study,  the  average  temperatures 
on  the  day  of  aspiration  would  indicate  that  the  cases  were  relatively  mild. 
No  extensive  studies  were  carried  out  during  the  same  epidemiologic  period 
comparing  the  effects  of  immediate  and  delayed  operation. 

Delayed  operation  was  not  considered  necessary  in  empyema  complicat¬ 
ing  lobar  pneumonia,  for  the  condition  of  these  patients  was  such  that  they 
were  usually  good  surgical  risks  when  the  diagnosis  was  made.  When  the 
exudate  was  discovered  before  the  crisis,  preliminary  aspiration  was  con¬ 
sidered  to  be  the  logical  treatment. 

NUTRITION. 

Among  the  most  profitable  undertakings  of  the  commission  at  Camp  Lee  9 
was  a  study  of  the  nitrogen  output  of  patients  in  the  early  stages  of  empyema 
associated  with  the  hemolytic  streptococcus.  It  was  a  common  observation 
that  these  patients  became  emaciated  and  lost  strength  with  great  rapidity, 
and  that  generous  feeding  should  be  a  part  of  their  treatment.  The  amount 
of  nitrogen  lost,  however,  had  not  been  clearly  defined. 

In  spite  of  some  difficulty  in  obtaining  proper  chemical  equipment,  fairly 
satisfactory  determinations  of  total  nitrogen  in  the  urine  and  exudate  were 
made  in  three  representative  cases.9 

The  nutrition  of  several  cases  was  studied  in  detail  by  means  of  their 
nitrogen  balance.  The  food  consumed  was  accurately  weighed  and  the  fuel 
value  and  the  nitrogen  content  calculated  from  the  tables  of  Atwater  and 
Bryant.  The  urine  was  collected  in  24-hour  periods,  and  its  nitrogen  content 
determined  by  the  method  of  Kjeldahl.  The  daily  excretion  of  nitrogen  into 
the  pleural  cavity  was  obtained  by  measuring  and  analyzing  the  exudate 
each  time  the  patient  was  aspirated.  After  operation,  the  exudate  could  not 
be  collected  and  the  daily  pleural  nitrogen  excretion  was  assumed  to  be  the 
same  as  just  before  operation.  Since  the  daily  amount  of  nitrogen  in  the 
exudate  was  not  over  2.5  gm.  per  day,  this  assumption  involves  no  serious 
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The  nitrogen  of  the  feces  is  disregarded,  and  for  this  reason  the  nitrogen 
balances  given  are  slightly  too  favorable. 

CJ  CO 

In  Tables  52,  53,  and  54  the  nitrogen  intake  and  output  of  three  patients 
are  given.  Complete  24-hour  specimens  of  urine  could  not  always  be  obtained 
and  figures  are  omitted  on  such  days. 


Table  52. — Food  intake  and  nitrogen  balance ,  Case  I. 


Period  ending  9  a.  m. 

Food. 

Urine. 

Exudate. 

N  itrogen 
balance. 

Calories. 

Grams, 

nitrogen. 

Volume, 
c.  c. 

Grams, 

nitrogen. 

Volume, 
c.  c. 

Nitrogen. 

Per  cent. 

Grams. 

Grams, 

day. 

Apr  28 

1,408 

9.7 

1,000 

16.  4 

0.  747 

-  8.7 

Apr  29 

1,  758 

11.  9 

2,050 

31.7 

-21.  8 

Apr.  30 . 

1,160 

9.0 

1,  925 

19.9 

540 

.741 

4.0 

2.0 

-12.9 

M  ay  1 

2,210 

14.  6 

2,  250 

21.  0 

-  7.2 

May  2 . 

3;  732 

24.  0 

2,915 

16.  9 

215 

.711 

1.5 

.8 

+  6.4 

May  3 

3, 322 

23.  2 

3,  030 

13.  0 

+  8.5 

May  4 . 

2, 955 

20.2 

3,  060 

16.  2 

480 

.691 

3.3 

1.7 

+  2. 3 

M  a,y  n 

3,  573 

25.  3 

2,  740 

19.  6 

+  4.1 

May  6 . 

3,  837 

22.2 

1,500 

14.  2 

360 

.869 

3. 1 

1.6 

+  6.4 

May  7 

3, 108 

23.  3 

1 , 770 

IS.  1 

+  3.9 

May  8 

3,288 

22.  2 

2,  050 

18.  8 

+  2.1 

M  a,y  9 

3,780 

26.  5 

345 

1.  158 

4.0 

1.3 

M  av  1  f) 

3'  347 

21.  7 

1,750 

19.  1 

+  1.3 

May  11 . 

3,662 

25.6 

1,640 

19.3 

220 

1.201 

2.6 

1.3 

+  5.0 

M  ay  1 2 

2  793 

16.  9 

1,490 

17.  0 

+  1.4 

M  fl,y  1 3 

3  510 

25.  1 

1,600 

14.  8 

+  9.  1 

M  ay  1 4 

l’  679 

11.  0 

1,590 

17.  2 

-  7.5 

May  15 . 

'464 

3.4 

'250 

3.2 

3  p.  m.,  May  14.  These  two 

/  -  7.7 

May  16 . 

2,444 

16.3 

1,  560 

29.3 

/  days  not  properly  separated. 

\  +7.0 

M  ay  1 7 

3  125 

21.  5 

1,310 

13.  2 

. 

+  7.0 

M  av  1  8 

2  794 

IS.  0 

1,310 

10.  4 

+  6.3 

M  a  v  1 Q 

2,  $50 

19.  7 

M  a.v  20 

2  807 

18.  3 

1,700 

14.  6 

+  2.4 

M  a.v  91 

1  839 

11.  8 

M  ay  ?2 

2  194 

13.  2 

1,710 

19.  3 

-7.4 

M  a.v  93 

2  503 

14.  5 

l'  520 

15.  8 

-  2.6 

May  94 

2  577 

17.  3 

2, 200 

18.  4 

—  2.  4 

M  a.v  9”, 

2  518 

17.  4 

1,210 

9.  7 

+  6.4 

M  a.v  90 

3  754 

25.  1 

l'  240 

12.  1 

+  11.7 

M  ay  27 

3, 156 

20.  4 

l’  700 

15.  5 

+  3.6 

M  a.v  9.8 

3  880 

25.  4 

1,790 

16.  4 

+  7.7 

M  av  2Q 

3  969 

23.  4 

1,800 

14.  6 

+  7.5 

M  av  30 

3,  972 

25  3 

1,530 

16.  0 

+  8.3 

Table  53. — Food  intake  and  nitrogen  balance ,  Case  II. 


Food. 

Urine. 

Nitro- 

Food. 

Urine. 

Nitro¬ 
gen  bal¬ 
ance. 

Period  ending 

9  a.  m. 

Calor¬ 

ies. 

Grams, 

nitro¬ 

gen. 

Vol¬ 
ume, 
c.  c. 

Grams, 

nitro¬ 

gen. 

gen  bal¬ 
ance. 

Period  ending 

9  a.  m. 

Calor¬ 

ies. 

Grams, 

nitro¬ 

gen. 

Vol¬ 
ume, 
c.  c. 

Grams, 

nitro¬ 

gen. 

May  1 7 

2, 136 
3, 1C6 

3  638 

12.  8 

2, 980 
3, 390 

21.3 

-8.5 

June  2 . 

2,042 

13.6 

1,570 

14.0 

-  0.4 

Ma,v  1 8 

18.  4 

19.7 

-1.3 

June  3 . 

2,666 

16.2 

1,350 

14.3 

+  1.9 

May  10 

21  1 

3,070 
4,  680 

15.8 

+5.3 

June  4 . 

3, 490 

25.4 

2,050 

14.6 

+  10.8 

May  20 

3  751 

22.  4 

17.5 

+4.9 

J  une  5 . 

3,017 

2,095 

1,079 

17.9 

2,  200 

14.0 

+  3.9 

May  21 

3  416 

19.  6 

3,700 

2,880 

17. 1 

+2.5 

June  6 . 

12.7 

2,  650 

16.  1 

-  3.4 

May  22 

3  205 

15.  8 

18.2 

-2.  4 

June  7 . 

6.2 

2,270 

12.2 

-  6.0 

May  23 

3  660 

21.  1 

2,700 

16.  1 

+5.  1 

June  8 . 

1,600 
2,  295 
3,159 

10.5 

990 

8.7 

+  1.8 

Ma  y  24 

3, 737 
2,697 

18  8 

3,540 

17.6 

+  1.2 

June  9 . 

11.0 

1,180 

9.5 

+  1.5 

May  25 . 

14.6 

2, 121 

15.0 

-  .4 

June  10 . 

15.8 

1, 370 

10.7 

+  5.1 

May  26 . 

3,220 

16.3 

2,940 

15.5 

+  .8 

June  11 . 

3, 968 

17.  1 

1, 180 

8.5 

+  8.6 

May  27 

2  512 

13.  1 

1,  700 

13.  6 

—  .  5 

June  12 . 

2, 956 

17.2 

1,390 

1,570 

11.0 

+  6.2 

May  28 

3,121 

2  520 

17.  7 

3, 330 

15. 1 

+2.6 

June  13 . 

3, 208 
3, 356 
3,495 
3,562 
3,  630 

14.  8 

11.6 

+  3.2 

May  29 

12.  8 

1,820 

11.  3 

+1.5 

June  14 . 

15.8 

1,300 

9.4 

+  6.4 

May  31 

2,675 

3  037 

1 5 .  5 

2, 220 
2,  900 

15.9 

-0.5 

June  15 . 

18.8 

1,040 

9.8 

+  9.0 

May  31 . 

19  7 

15.  3 

+4.4 

June  16 . 

19.3 

1,160 

10.7 

+  8.6 

June  1 . 

2, 643 

15.2 

2,  340 

16.9 

-1.7 

June  17 . 

19.  1 

980 

9.5 

+  9.5 
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Table  54. — Food  intake  and  nitrogen  balance ,  Case  III. 


Period  ending  9  a.  m. 

Food. 

Urine. 

Exudate. 

Nitrogen 

balance. 

Calories. 

Grams, 

nitrogen. 

Volume, 
c.  c. 

Grams, 
nitrogen . 

Volume, 
c.  c. 

Nitrogen. 

Per  cenR 

Grams. 

Grams, 

day. 

Apr.  28 . 

1, 408 

9.7 

3, 030 

20.  3 

0  827 

12  9 

Apr.  29 . 

2, 397 

16.4 

4, 300 

22.  1 

8  0 

Apr.  30 . 

1,745 

10.6 

4,900 

22.2 

595 

.790 

4.7 

2.3 

-13.9 

May  1 . 

2, 061 

18.2 

3,  710 

22.  7 

—  6  8 

May  2 . 

3, 403 

21.7 

2, 990 

21.0 

415 

1. 123 

4.7 

2.3 

-  1.6 

May  3 . 

3,097 

21.  8 

3,240 

17.7 

-  1.8 

May  4 . 

1,261 

8.9 

(a) 

(a) 

May  5 . 

1,842 

13.2 

May  6 . 

2, 263 

16. 1 

870 

14.0 

+  .1 

May  7 . 

2, 040 

13. 1 

May  8 . 

2, 007 

10.5 

760 

10.  1 

1  6 

May  9 . 

1,891 

10.9 

850 

11.6 

2  7 

May  10 . . . 

3;  057 

21.  1 

1,000 

10.9 

+  8.2 

May  11 . 

2,  700 

18.6 

May  12 . 

2, 610 

16.1 

1,180 

11.3 

-1-2  8 

May  13 . 

3;  297 

22.5 

1, 500 

7.4 

+  12  6 

May  14 . 

3, 522 

25.4 

930 

7.  6 

+  16  8 

May  15 . 

3, 479 

26.  1 

1,129 

11.4 

+12  7 

May  16 . 

3, 466 

20.5 

1, 390 

6.2 

+  12.3 

May  17 . 

2, 932 

19.21 

870 

May  18 . 

2,580 

16.03 

900 

4.4 

+  9.6 

May  19 . 

3, 129 

21.6 

May  20 . 

3, 103 

21.2 

2,210 

16.8 

+  24 

May  21 . . 

3;  170 

22.4 

2, 250 

10.9 

May  22 . 

3;  219 

19.  1 

1,470 

11.4 

+  57 

May  23 . 

3;  331 

19.4 

2, 480 

13.  8 

+  36 

May  24 . 

2,761 

17.2 

l'  500 

10.3 

+  49 

May  25 . 

3;  760 

24.7 

1,460 

9.2 

+  13  6 

May  26 . 

4, 22S 

26.7 

2, 770 

11.0 

+  13  7 

May  27 . 

3, 284 

22.3 

2, 060 

12.2 

+  81 

May  28 . 

3,640 

24.6 

1,880 

12.  1 

+  10  5 

May  29 . 

3,  715 

23.0 

1,310 

12.9 

+  81 

May  30 . 

3,470 

23.5 

1,590 

14.4 

+  7.1 

a  Resection. 

The  patients  had  been  kept  on  a  soft  diet  containing  from  1,000  to  1,700 
calories,  previous  to  the  nitrogen  determinations,  and  were  losing  from  12  to 
20  gm.  of  nitrogen  per  day.  They  were  placed  on  the  regular  hospital  diet, 
supplemented  by  extra  feedings  of  eggs  and  milk.  No  attempt  was  made  to 
keep  them  at  a  constant  level  of  feeding  since  the  increased  accuracy  of  the 
figures  would  not  have  justified  the  loss  of  food  to  the  patient. 

Charts  LXVIII,  LXIX,  and  LXX  represent  the  relation  of  the  nitrogen 
balance  to  the  food  intake.  The  broken  line  represents  nitrogen  gain  or  loss 
in  grams,  and  the  unbroken  line  represents  the  food  intake  in  calories.  Nitrogen 
equilibrium  is  placed  at  3,000  calories.  With  the  scale  used  (5  gm.  of  nitrogen 
and  500  calories  each  represented  by  the  same  unit),  the  curves  run  quite  par¬ 
allel.  Wherever  the  unbroken  line  is  above  the  broken  line,  more  than  3,000 
calories  would  have  been  required  to  keep  the  patient  in  equilibrium,  and 
wherever  the  broken  line  is  above  the  unbroken  line,  less  than  3,000  calories 
would  have  maintained  equilibrium.  The  distance  between  the  lines  is  a 
rough  measure  of  the  amount  above  or  below  3,000  calories  required  to  maintain 
equilibrium. 

It  will  be  noticed  that  in  the  acute  stage  of  the  disease  with  a  high  tempera¬ 
ture,  from  3,000  to  3,300  calories  were  needed  to  maintain  equilibrium.  It 
will  also  be  noted  that  some  patients  lost  weight  although  they  had  a  con¬ 
stantly  positive  nitrogen  balance.  This  was  undoubtedly  due  to  the  fact  that 
the  nitrogen  of  the  feces  was  disregarded.  Probably  from  3,300  to  3,500 
calories  would  have  been  needed  to  maintain  body  weight. 
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Since  these  patients  might  lose  in  one  clay  of  low  feeding  as  much  as  could 
be  regained  in  several  days  of  high  feeding,  it  was  important  that  a  close  watch 
be  kept  on  their  food  intake.  It  was  recommended  that  they  be  placed  as  early 


Chart  LXVIIL— Nitrogen  conservation.  Case  1. 


as  possible  on  a  standardized  diet  containing  from  3,300  to  3,500  calories,  and 
kept  on  this  until  they  reached  their  normal  weight.  The  fuel  value  of  any 
food  remaining  uneaten  was  estimated,  and  extra  feedings  of  eggs,  milk,  etc., 
were  given  to  make  up  the  total.  While  the  patient  was  very  ill,  lactose  drinks 
were  used  and,  when  necessary,  glucose  was  given  by  rectum  or  intravenously. 
The  patient  was  weighed  on  admission  and  at  least  once  a  week  thereafter. 
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Chart  LXX.— Nitrogen  conservation.  Case  III. 


Tables  55  to  61  show  a  few  sample  diets  used  at  Camp  Lee.  The  cost  of  this 
diet  was  estimated  by  the  mess  officer  of  the  hospital  to  be  87  cents  a  day. 


Table  55. — High  calorie  diet  during  the  acute  febrile  stage  in  Case  I,  May  1-2,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Milk  .... 

1,680 

55. 0 

67.0 

84.0 

Cream  tomato  soup . 

150 

3.0 

1.6 

6.0 

Sugar 

36 

36.0 

Custard  (2  cups) . 

10.2 

15.  4 

64.0 

Lfrfrs  ( 41 

26.  4 

24.  0 

Rice . 

60 

2.4 

.8 

21.2 

Toast, 

135 

15.  5 

2.  2 

82.  6 

Cocoa . 

180 

7.0 

8.3 

11.3 

Biitter 

32 

27.2 

Orange  (one-half) . 

.3 

.1 

4.6 

Moat,  spranpd 

80 

16.  7 

8.  5 

Oatmeal . 

150 

4.2 

.7 

17.2 

Puree  peas  (2  taole- 

2.5 

Apple  sauce . 

60 

.1 

.5 

24.8 

spoons )  . 

.  1 

6.  1 

Potato  . 

50 

1.2 

10.4 

Calories,  3,732;  nitrogen, 

100 

5.  2 

10. 1 

17.  7 

23.95 . 

149.7 

166.5 

3S2.9 

Table  56. — High  calorie  diet  during  the  acute  febrile  stage  in  Case  I.  May  2-3,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Milk . 

TO  pus  (5)  _ 

510 

16.8 

33.0 

16.0 

1.7 

20.4 

30.0 

8.8 

.1 

23.8 

3.6 

5.7 
7.  1 

7.7 
5.  5 

25.  5 

Vegetable  soup  with 
noodles . 

240 

100 

100 

75 

100 

300 

150 

210 

7.3 
5.0 

3.3 
.6 

3.3 
12. 1 
1.2 
5.9 

0.1 

4.5 

3.4 

.4 

14.9 

.3 

1.0 

2.8 

15.8 

17.9 
12.6 

7.0 
18.8 
12.2 
24. 1 

Sugar . 

Chicken . 

Baked  potato . 

"R  utter 

18 

80 

86 

28 

225 

100 

100 

120 

30 

18.0 

15.8 

Macaroni  with  cheese - 

Farina  pudding . 

Apricots,  stewed . 

.1  unket . 

Toast . 

Asparagus,  creamed . 

Spinach,  puree . 

Chocolate  pudding . 

Cream . 

25.9 

2.5 

3.6 
5. 1 

•7 

137.7 

4.6 

4.5 

21.0 

1.3 

Cocoa . 

Grapefruit . 

Oatmeal . 

Calories,  3,322;  nitrogen, 
23.2 . . . 

145.0 

137.5 

353.5 
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Table  hi —High  calorie  diet  during  the  acute  febrile  stage  in  Case  I,  May  9-10,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo¬ 

hy¬ 

drates. 

Milk . 

810 

26.7 

32.4 

40.  5 

TTcrprQ  (3)  . . 

19.  8 

IS.  0 

Si  i  pn.r 

25 

25.  0 

PVmrmPfl  hPP.f 

80 

22.  1 

6.2 

Potato . 

70 

1.  7 

.1 

14.  6 

Puree  peas . 

70 

9.8 

4.0 

26.  8 

Toast . 

143 

16.  4 

2.3 

87.  5 

20 

17.0 

Custard . 

132 

5.  5 

8.3 

34.3 

1 

Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Apple  sauce . 

134 

.3 

1. 1 

49.8 

|  Pudding,  bread  custard. . 

102 

6.5 

5.  0 

25.  8 

Lemon  (1) . 

1 

1.0 

.  7 

8.  5 

Cocoa . 

570 

20.9 

25.8 

32.  5 

Hominy . 

200 

4.4 

.4 

35.  4 

Prunes . 

110 

.  6 

.  1 

24.  5 

Calories,  3,347;  nitrogen, 
21.71 . 

135.7 

121.4 

405.4 

Table  58. — High  calor  ie  diet  during  the  acute  febr  ile  stage  in  Case  I,  May  10-11 ,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

1,050 

34.6 

42.0 

52.  5 

F.p-crc  (fi)  _ _ 

39.  6 

36.  0 

T  pm  on  ( 1 ) . 

1.0 

.7 

8.  5 

Sugar  _ 

28 

28.0 

Orange  juice . 

60 

.5 

.  1 

7.0 

Oatmeal . 

200 

5.  6 

1.  0 

23.  0 

Toast . 

255 

29.3 

4. 1 

158.  1 

Butter 

30 

25.  5 

Potato . 

82 

2.0 

.1 

17.  1 

Spinach . 

80 

1.7 

3.3 

2.  1 

Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Fish  . 

70 

14.0 

1.7 

Chocolate  pudding . 

110 

5.  0 

7.9 

27.  8 

Ice  cream . 

130 

6.  8 

13. 1 

23.  0 

420 

10.  5 

18.  0 

Cocoa . 

120 

5.0 

6.3 

8.0 

Custard . 

90 

3.8 

5.7 

23.  4 

P  par'll 

40 

.3 

4.  3 

Calories,  3,662;  nitrogen, 
25.55 . 

159.7 

147.5 

398.8 

Table  59. — Diet  on  day  of  rib  resection  in  Case  I,  May  13-14,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

I 

Carbo- 

hy¬ 

drates. 

Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Lemon  albumen . 

Milk . 

Orange . 

Cocoa . 

Cream  of  tomato  soup . . . 
Vegetable  soup . 

1,140 

175 

300 

120 

240 

3.9 

37.6 

1.4 

12.0 

3.0 

7.0 

0.6 

45.6 

.3 

15.0 

9.4 

12.5 

57.0 

20.3 

19.0 

6.4 

12.0 

Cornflakes . 

Sugar . 

Calories,  1,679;  nitrogen, 
11.2 . 

30 

28 

4.0 

.4 

22.3 

28.0 

68.9 

71.3 

177.5 

Table  60. — Diet  following  operation  in  Case  I,  May  14-15,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo¬ 

hy¬ 

drates. 

Eggnog . 

150 

8.4 

Q  ft 

6.0 

Whiskey  (calories  105) . . . 

30 

1.0 

Oatmeal  . 

200 

5.  6 

23.  0 

Calories,  464;  nitrogen, 

Milk . 

190 

6.3 

7.6 

9.  5 

20.3 

17.4 

53.5 

15 

15.0 

3.41 . 
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Table  61. — Convalescent  high  calorie  diet  in  Case  I,  May  25-26,  1918. 


Quan¬ 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Quan- 
tity  in 
grams 
or  cubic 
centi¬ 
meters. 

Pro¬ 

teins. 

Fats. 

Carbo- 

hy¬ 

drates. 

Milk . 

2.060 

68.0 

82.4 

103.  0 

Creamed  peas . 

72 

4.3 

5.4 

9.  6 

Eggnog  . 

700 

33.0 

36.  0 

30.0 

Stewed  peaches . 

83 

1.  6 

1.  1 

41.  3 

Meat 

30 

6.7 

8.  6 

Junket . 

62 

2.  1 

2.  5 

11.  1 

Potato 

65 

1.  6 

13.  6 

Cornflakes . 

15 

.  1 

6.  0 

Strinv  Leans; 

60 

.7 

2.  3 

Sugar . 

15 

15.  0 

Bread 

100 

9.2 

1.  3 

53.  1 

Bacon . 

29 

5.  6 

14.  5 

Toast 

57 

6.  5 

.9 

34.  9 

Grapefruit. . 

180 

1.  1 

.  2 

11.  6 

20 

17.  0 

Rice  pudding . 

95 

6.2 

4.7 

23.  0 

Calories,  3,734;  nitrogen, 

Thin  cream 

60 

1.  5 

6.  0 

2.  7 

25.06 _ 

156.  6 

206.  8 

285.  2 

Cream  tomato  soup . 

350 

8.4 

26.2 

17.8 

The  feeding  of  the  patients  during  the  acute  stage  of  the  illness  required 
the  persistent  efforts  of  the  nursing  staff.  Feeding  was  accomplished  after 
operation  with  less  difficulty  and  the  average  increase  in  weight  was  more 
evident.  This  was  due  of  course  both  to  the  increasing  appetites  of  the  patients 


Chart  LX  XT. — Average  postoperative  increase  in  weight  of  71  patients  on  a  high  calorie  diet. 


and  to  the  lowered  metabolic  rates  during  defervescence.  When,  following 
operation,  the  patients  did  not  gain  on  a  high  calorie  diet,  careful  examination 
usually  revealed  un drained  pleural  pus  pockets.  The  average  weights  of  71 
patients  on  a  diet  of  3,000  to  3,500  calories  have  been  charted  for  a  period  of 
five  weeks  after  operation. 

ROUTINE  MEDICAL  CARE. 

During  the  acute  febrile  period  of  these  streptococcus  infections  medicinal 
remedies  were  only  of  symptomatic  value.  Digitalis  was  used  in  some  military 
hospitals  with  but  little  benefit.  When  it  was  employed,  4  or  5  c.  c.  of 
standardized  tincture  were  given  on  the  second  or  third  day  of  the  pneumonia. 
Occasionally,  smaller  doses  were  given  for  several  days.  It  must  be  remem- 
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bered,  however,  that  the  majority  of  the  patients  were  young,  robust  men  and 
that  there  were  few  who  had  chronic  cardiac  disease.  Death  was  usually  due 
to  extensive  infection  of  the  lungs  or  the  serous  cavities  and  not  primarily  to 
cardiac  failure.  Atropine  was  valuable  at  times  in  the  treatment  of  edema  of 
the  lungs.  The  administration  of  the  drug  was  continued  until  the  pupils  were 
slightly  dilated.  When  the  edema  was  fully  developed,  and  the  patient  was 
cyanotic,  atropine  was  valueless.  The  tolerance  for  atropine  was  apparently 
increased  during  the  pneumonia,  as  larger  doses  were  needed  than  are  ordinarily 
required  to  obtain  the  physiological  effect  in  the  average  patient.  Codeine 
and  morphine  were  invaluable  for  the  pain  and  delirium. 

During  the  winter  months  the  majority  of  the  cases  of  bronchopneumonia 
were  not  improved  by  outdoor  treatment.  Fresh  air  at  ordinary  room  tem¬ 
perature  was  most  beneficial.  As  they  lessened  the  delirium,  temporarily 
lowered  the  temperature,  and  stimulated  the  circulation,  tepid  sponge  baths 
were  employed  during  the  height  of  the  fever.  In  anemic  patients  transfusions 
of  large  quantities  of  blood  (1,000  c.  c.)  were  valuable  during  the  third  and  fourth 
weeks  of  the  disease.  No  benefit  was  observed  from  the  use  of  streptococcus 
serum  and  vaccines  employed  as  curative  measures. 

CONVALESCENT  CARE  AND  TREATMENT. 

Medical  care  during  convalescence  after  operation  was  confined  to  dietary 
measures  and  to  the  treatment  of  the  sequels  of  the  infection.  When  possible, 
high  calorie  diets  were  continued  for  several  weeks  after  the  empyema  wounds 
were  healed.  The  patients  who  were  kept  on  diets  of  3,000  to  3,500  calories 
were  not  only  in  better  physical  condition  but  the  diets  served  as  a  therapeutic 
test  regarding  the  permanency  of  the  wound  closure.  When  the  patients  did 
not  gain  weight  on  this  diet,  pus  was  found  in  the  closed  sinus  or  other  pleural 
foci  of  infection  were  discovered.  A  few  were  found  to  be  tuberculous. 

The  most  important  part  of  the  medical  observation  during  convalescence 
was  the  repeated  examination  of  the  chest.  In  the  majority  of  instances  all 
pleural  pus  pockets  were  discovered  and  drained  soon  after  the  pneumonia  had 
subsided.  However,  in  4  to  5  per  cent  of  the  patients,  purulent  pleural  pockets 
were  found  from  the  third  to  the  sixth  month  of  convalescence.  The  symptoms 
of  these  were  persistent  temperature  and  tachycardia  and  the  patients  were 
always  under  weight.  Few  of  these  patients  gained  on  forced  feeding.  The 
examination  consisted  in  careful  physical  inspection,  repeated  Roentgen-ray 
observations,  and  aspiration  of  the  thorax  when  there  was  any  question  of 
the  pathological  condition. 

There  were  few  other  sequelae.  Albuminuria  persisted  during  convalescence 
in  about  1  per  cent  of  the  patients,  but  it  was  rarely  observed  after  an  interval 
of  two  years.  It  was  most  common  among  patients  in  whom  the  empyema 
had  not  been  completely  drained.  Tachycardia  was  observed  in  about  6  per 
cent  of  the  patients  convalescent  from  streptococcus  infections.  About  5  per 
cent  of  these  patients  had  undiscovered  septic  foci  in  the  pleura  or  lung,  but  no 
cause  was  found  for  the  remaining  1  per  cent.  The  tachycardia  was  often 
associated  with  cyanosis,  dyspnea,  and  cardiac  pain  on  exertion.  Frequently 
these  symptoms  cleared  up  after  graduated  exercises.  In  other  cases  where 
the  tachycardia  was  permanent,  it  was  evidently  due  to  a  chronic  myocarditis 
and  cardiac  insufficiency. 
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Graduated  exercises  were  begun  soon  after  operation  for  the  empyema. 
Ordinarily,  the  patients  were  ambulatory  within  one  or  two  weeks  after  the 
operation.  At  first  the  exercises  consisted  of  light  work  around  the  wards, 
then  outside  duties  and  exercises  were  added  as  soon  as  the  physical  condition 
of  the  patients  permitted.  After  the  wounds  were  healed  marches  and  the 
routine  exercises  described  by  the  Army  manuals  were  prescribed  under  careful 
medical  supervision. 
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CHAPTER  VII. 

THE  SURGICAL  TREATMENT  OF  EMPYEMA  IN  THE  ACUTE  AND 

CHRONIC  STAGES. 

In  any  case  of  empyema  the  treatment  should  be  aimed  at  the  saving  of 
life,  the  prevention  of  chronicity,  and  the  restoration  to  conditions  that  are  as 
nearly  normal  as  possible.  In  order  to  accomplish  these  purposes  certain 
principles  have  been  worked  out  which  are  based  on  fundamental  considerations 
of  the  physiology  and  pathology  involved.  These  principles  are,  essentially, 
the  avoidance  of  an  open  pneumothorax  during  the  period  in  which  a  severe 
pneumonia  is  likely  to  be  present,  the  maintenance  of  the  nutrition  of  the 
patient,  and  attempts  at  the  early  sterilization  and  obliteration  of  the  cavity. 
After  an  empyema  has  become  definitely  chronic,  with  a  discharging  sinus  of  a 
duration  of  several  months,  problems  arise  in  its  treatment  which  are  different 
from  those  affecting  an  acute  case.  This  question,  as  well  as  the  treatment 
of  the  surgical  complications  of  empyema,  will  be  considered  later  on. 

In  most  of  the  camps  in  the  United  States  during  the  early  part  of  the  influenza 
epidemic  of  1917-18,  practically  all  cases  of  empyema  were  treated  by  the  then 
conventional  method  of  operation  and  open  drainage  as  soon  as  diagnosis  was 
made  of  the  presence  of  infected  fluid  in  either  one  or  both  of  the  pleural  cavities. 
The  associated  high  mortality  strongly  suggested  that  the  current  ideas  of 
treatment  needed  modification.  Answers  to  a  questionnaire1  which  was  sent 
out  to  the  various  camps  by  the  Surgeon  General  were  compiled  in  March,  1918, 
and  an  average  mortality  of  30.2  per  cent  was  reported  in  the  cases  diagnosed 
as  empyema.  In  some  of  the  camps,  however,  the  mortality  was  so  high  that 
it  approached  90  per  cent  in  the  operated  cases.  Observations  of  the  Empyema 
Commission  at  Camp  Lee2  led  to  a  conviction  that  many  patients  who  were 
operated  on  died  as  a  result  of  the  additional  burden  of  asphyxia  incidental  to 
the  creation  of  an  open  pneumothorax  during  the  period  of  acute  pneumonia. 
Therefore,  instead  of  creating  an  immediate  open  drainage  as  soon  as  a  diagnosis 
was  made  of  the  presence  of  an  infected  pleural  fluid,  such  cases  were  treated 
first  by  preliminary  aspiration  and  later  were  subjected  to  open  drainage.  An 
immediate  drop  from  40  per  cent  to  4.3  per  cent  occurred  in  the  mortality 
following  the  institution  of  this  method.  At  some  of  the  other  camps,  also,  a 
similar  procedure  had  been  instituted,  with  results  that  were  more  favorable 
than  those  obtained  by  the  conventional  methods  of  treatment.  At  the  same 
time,  and  in  view  of  the  fact  that  reports  from  the  hospitals  in  France  indicated 
that  the  chest  could  be  opened  as  widely  as  desired  for  the  purpose  of  removing 
foreign  bodies,  widespread  consideration  was  given  the  importance  of  the  factor 
of  open  pneumothorax  in  the  early  stages  of  an  empyema.  Because  of  the 
uncertainty  and  confusion  incident  to  the  important  bearing  of  the  open  pneumo¬ 
thorax,  two  members  of  the  Empyema  Commission  were  detailed  to  take  up 
the  whole  question  experimentally.  The  result  of  this  experimental  work, 
published  at  that  time,  was  in  part  as  follows:3 

THE  MECHANICS  OF  THE  THORAX  IN  RELATION  TO  EARLY  DRAINAGE. 

The  process  of  inspiration  consists  essentially  of  a  sudden  enlargement  of 
the  thorax  which  results  in  a  rush  of  air  down  the  trachea  into  the  lungs.  The 
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antithesis  of  this  process  is  the  act  of  expiration,  a  sudden  diminution  of  the 
volume  of  the  thorax  which  forces  air  out  of  the  lungs  again.  It  is  evident 
that  the  essential  condition  which  must  be  created  by  enlargement  of  the  thorax 
in  order  to  accomplish  the  rush  of  air  down  the  trachea  to  the  lungs  is  a 
diminution  of  pressure  within  the  lungs.  Under  ordinary  conditions  the  pres¬ 
sure  within  the  pleural  space  is  less  than  atmospheric  pressure.  Donders,4  who 
was  the  first  to  measure  these  pressures  in  the  human,  found  values  of  —  9  mm. 
of  mercury  at  the  end  of  inspiration  and  of  —  7.5  mm.  of  mercury  at  the  end  of 
expiration.  If  this  pressure  should  be  positive  (equal  to  or  more  than  atmos¬ 
pheric  pressure)  during  the  act  of  inspiration,  obviously  there  would  be  no  rush 
of  air  down  the  trachea  into  the  lung. 

For  these  reasons  it  is  of  the  greatest  importance  to  consider  not  only  how 
the  intrapleural  tension  may  be  altered  but  the  effects  of  such  changes  as  well. 
The  most  striking  way  in  which  to  demonstrate  the  effects  of  suddenly  altering 
intrapleural  pressure  is  to  create  an  open  pneumothorax — an  effect  which  always 
follows  the  creation  of  an  early,  open  drainage  of  a  case  of  empyema.  The 
ordinary  conceptions  of  the  effects  of  an  open  pneumothorax  have  been  based 
upon  the  faulty  reasoning  that  any  opening  in  the  chest  wall,  no  matter  of  what 
size,  would  result  immediately  in  the  establishment  of  atmospheric  pressure 
within  the  pleural  cavity  on  the  side  of  the  opening.  These  conceptions  carry 
with  them  the  idea  that  the  mediastinum  acts  as  a  more  or  less  rigid  partition 
between  the  two  pleural  cavities  and  that  when  an  opening  is  made  into  one 
pleural  cavity  the  lung  on  that  side  becomes  collapsed  and  respiration  is  main¬ 
tained  by  the  other  lung.  These  ideas  have  become  so  deeply  ingrained  that 
all  through  the  literature  one  finds  references  to  the  “  collapsed  ”  lung  on  one 
hand  and  the  “ sound7’  or  “healthy ”  lung  on  the  other.  For  example,  Garre5  in 
a  series  of  diagrams  to  illustrate  the  conditions  in  open  pneumothorax,  shows  the 
mediastinum  as  a  straight  line,  in  cases  in  which  the  opening  is  small,  with  one 
lung  collapsed  and  retracted  and  the  other  lung  (on  the  unopened  side)  of  normal 
size  and  apparently  unaffected.  In  cases  with  a  large  opening  essentially  the 
same  condition  is  shown  except  that  there  is  a  slight  bulging  of  the  mediastinum 
away  from  and  toward  the  opening  in  inspiration  and  expiration  respectively. 
Likewise,  the  lung  on  the  side  of  the  opening  is  shown  as  collapsed  and  con¬ 
tracted  into  a  small  mass  about  the  hilus,  whereas  the  opposite  lung  appears 
to  be  relatively  unaffected.  L.  Mayer6  summarizes  from  the  literature  the 
prevalent  views  on  the  changes  produced  by  an  open  pneumothorax : 

On  the  healthy  side  the  modifications  due  to  the  pneumothorax  with  a  small  opening  should 
adjust  themselves  by  a  deviation  of  the  mediastinal  pleura,  the  two  surfaces  of  which  are  no  longer 
submitted  to  conditions  of  identical  equilibrium;  on  inspiration  the  lowering  of  the  intrapulmonary 
pressure  of  —7  mm.  mercury  not  manifesting  itself  on  the  fistula  side,  the  mediastinal  pleura  should 
become  curved  toward  the  healthy  side  and  narrow  the  expansion  of  the  other  lung;  the  inverse 
should  be  produced  at  expiration.  In  reality  these  theoretical  differences  are  minimal  and  are 
scarcely  established  by  experimentation.  If,  on  the  contrary,  the  pleural  opening  is  widely  gaping 
the  atmospheric  air  enters  and  goes  out  freely  at  each  respiratory  movement  and  the  lung  of  this 
side  will  not  be  called  upon  at  all  to  become  distended.  At  each  inspiration  the  pressure  of  the 
two  sides  of  the  mediastinal  pleura  will  be  different;  on  the  healthy  side  negative  pressure  of  7  mm. 
Hg.,  on  the  other  side  atmospheric  pressure,  with  aspiration  of  the  mediastinum  toward  the  healthy 
side,  toward  which  it  ought  to  be  markedly  convex.  In  moderate  and  light  expiration  the  pressure 
on  the  two  sides  remains  equal;  but  if  a  forced  or  sudden  expiration  supervenes  the  pressure  is 
raised  in  the  normal  lung  while  it  remains  constant  on  the  incised  side,  giving  a  convexity  of  the 
mediastinum  on  the  side  of  the  pneumothorax. 
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Direct  experimental  observations,  which  were  made  by  Graham  and  Bell3 
while  members  of  the  Empyema  Commission  of  the  United  States  Army,2 
show  that  these  conceptions  are  erroneous,  in  that,  in  the  normal  thorax  the 
mediastinal  structures  offer  so  little  resistance  to  changes  of  pressure  that  any 
change  in  one  pleural  cavity  affects  the  other  to  practically  the  same  extent. 


Fig.  56.— Tracing  showing  that  when  the  left  pleural  cavity  of  afresh  adult  human  cadaver  is  inflated  with  air  at  a  pressure 
of  10  cm.  of  water  the  right  pleural  cavity  registers  a  pressure  of  9  cm.  The  top  line  is  a  record  of  a  pressure  of  10  cm. 
made  with  the  tambour  attached  to  the  right  pleural  cavity.  Calibration  showed  that  the  actual  pressure  was  9  cm. 
of  water. 


Fig.  57  _a  tracing  similar  to  that  shown  in  Fig.  56  with  the  right  pleural  cavity  inflated.  Calibration  showed  that  in 
this  case  also  there  was  difference  in  pressure  of  only  1  cm.  of  water  (about  0.8  cm.  of  mercury). 


There  is,  therefore,  practically  an  equilibrium  of  pressure  throughout  the 
normal  chest  and  from  the  standpoint  of  pressure  relationships  the  normal 
thorax  can  be  considered  as  one  cavity  instead  of  two.  When  one  pleural  cavity 
is  inflated  with  air  at  a  known  pressure  of  10  cm.  of  water  the  pressure  in  the 
other  pleural  cavity  is  found  to  vary  from  9  to  9.5  cm.  of  water.  In  other 
words,  even  with  so  slight  a  pressure  as  10  cm.  of  water,  the  resistance  of  the 
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mediastinum  is  equivalent  to  the  pressure  exerted  by  only  0.5  to  1  cm.  of  water. 
Reduced  to  terms  of  mercury  this  value  is  equivalent  to  only  about  0.4  mm.  or 
0.8  mm. ,  respectively,  and  is,  therefore,  negligible.  One  lung,  then,  does  not 
collapse  to  an  appreciable  extent  more  than  the  other,  and  the  commonly 
supposed  condition  of  collapse  of  one  lung  with  maintenance  of  respiration  by 
the  other  does  not  occur.  Moreover,  the  pressure  even  in  the  opened  pleural 
cavity  does  not  come  into  equilibrium  with  that  of  the  atmosphere  until  after 
death,  owing  to  the  constantly  changing  size  of  the  thorax  as  a  result  of  the 
respiratory  movements.  In  this  respect  it  is  difficult  for  some  to  recognize 
the  difference  between  a  structure  with  fixed  walls  and  one,  like  the  thorax, 
which  has  moving  walls.  During  expiration,  the  intrapleural  pressure  in  open 
pneumothorax  actually  exceeds  that  of  the  atmosphere,  but  both  by  theory 
and  by  actual  determination  the  intrapleural  pressure  becomes  less  than  atmos¬ 
pheric  pressure  on  inspiration.  The  results  were  the  same  in  the  human  and  in 
the  dog. 


Fig.  58.— Tracing  made  in  the  same  way  as  is  Fig.  56  with  a  recently  killed  dog,  which  shows  that  the  dog  is  strictly 
comparable  with  the  human,  since  here,  also,  the  difference  in  pressure  between  the  two  pleural  cavities  amounted 
to  only  1  cm.  of  water. 


A  more  direct  method  of  determining  whether  the  lungs  are  equally  com¬ 
pressed  consists  of  measuring  their  relative  densities  when  one  pleural  cavity 
is  inflated  with  air  at  a  known  pressure.  If  the  pressure  relationships  in  both 
pleural  cavities  are  affected  about  equally  by  altering  the  pressure  in  one, 
then  both  lungs  should  be  about  equally  compressed  and  should  show  almost 
equal  relative  densities.  The  results  obtained  on  five  dogs  bear  out  this  idea. 


No.  1.  Right  pleural  cavity  inflated  with  air  to  a  pressure  equal  to  that  of  10  cm.  of  water 

No.  2.  Left  pleural  cavity  inflated . 

No.  3.  Left  pleural  cavity  inflated . 

No.  4.  Control,  not  inflated . 

No.  5.  Control,  not  inflated . 


Density  of  lungs. 

Left. 

Right. 

0.  74 

0.  74 

.73 

.69 

.70 

.72 

.52 

.48 

.43 

.  51 

By  showing  an  equal  amount  of  compression  of  both  lungs  when  only  one 
pleural  cavity  is  inflated  these  results  lend  striking  support  to  the  conclusion 
drawn  from  the  other  experiments:  in  the  normal  thorax,  alterations  of  pres¬ 
sure  in  one  pleural  cavity  are  accompanied  by  practically  the  same  changes 
in  the  other  pleural  cavity. 
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If,  in  the  living  dog,  an  open  pneumothorax  is  created  on  one  side,  a 
characteristic  response  occurs  which  is  manifested  not  only-  by  a  change  ol 
intrapleural  pressure  on  the  opened  side  but  also  by  a  change  of  the  same 
kind  and  of  practically  the  same  degree  on  the  unopened  side.  Briefly,  the 
phenomena  which  occur  are  as  follows :  Immediately  after  making  the  opening 
there  is  a  simultaneous  change  of  pressure  in  the  two  pleural  cavities  from  an 
entirely  minus  or  negative  (less  than  atmospheric)  phase  to  one  which  oscil¬ 
lates  between  a  positive  or  plus  (more  than  atmospheric)  and  a  minus  phase. 
The  size  of  the  opening,  as  will  be  shown  later,  materially  influences  the  extent 
of  the  change  of  pressure.  The  respirations  are  sometimes  slowed  and  increased 
in  amplitude,  but  at  other  times  they  are  accelerated.  As  the  intrapleural 
pressure  diminishes,  the  intratracheal  pressure  tends  to  become  constant,  as 
would  be  expected,  since  the  intratracheal  pressure  is  a  rough  index  of  the 
amount  of  air  passing  down  the  trachea.  Immediately  upon  closure  of  the 
opening,  there  is  a  simultaneous  response  in  both  pleural  cavities  with  a  more 
complete  restoration  of  negative  pressure,  a  diminution  of  the  amplitude  of 
the  respiratory  movements  and  oscillations  again  of  negative  and  positive 
intratracheal  pressure  on  inspiration  and  expiration.  These  changes  can  be 
better  understood  by  reference  to  the  accompanying  reproduction  of  a  tracing. 

The  extreme  mobility  of  the  human  mediastinum  in  the  absence  of  adhe¬ 
sions  has  been  shown  in  X-ray  studies  on  pneumothorax  by  Stivelman  and 
Rosenblatt,7  and  more  recently  by  Stivelman,  Hennell,  and  Golembe.8  The 
work  of  these  observers  tends  to  confirm  the  truth  of  the  general  idea,  devel¬ 
oped  in  the  experimental  work  under  discussion,  of  the  practical  equilibrium 
of  pressure  throughout  the  normal  thorax.  Murphy,9  recognizing  the  dan¬ 
gerous  tendency  of  the  mediastinum  to  “ flutter5 ’  in  an  open  pneumothorax, 
recommended  traction  on  the  lung  in  an  attempt  to  immobilize  the  medi¬ 
astinum. 

West10  reached  a  conclusion  which  seems  to  agree  rather  closely  with  the 
idea  developed  by  Graham  and  Bell.  He  apparently  made  no  actual  measure¬ 
ments  of  the  pressures,  but  had  he  done  so  it  would  seem  that  the  results  would 
probably  have  been  in  exact  agreement  with  these  two  members  of  the  Empy¬ 
ema  Commission.  He  states: 

When  one  pleural  cavity  is  laid  freely  open  to  the  air  there  will  then  be  atmospheric  pressure 
on  both  sides  of  the  visceral  pleura;  the  elasticity  of  the  lungs  will  come  into  play,  and  the 
exposed  lung  will  collapse.  But  this  is  not  all,  for  the  alterations  in  pressure  do  not  affect  the  one 
lung  only;  the  mediastinum  being  not  a  fixed  partition,  but  a  movable  one,  the  elasticity  of  the 
opposite  lung  also  comes  into  play;  with  the  result  that  the  mediastinum  and  the  organs  therein 
are  drawn  over  to  the  sound  side.  Thus  it  follows  that  the  opening  of  one  pleura  not  only  satisfies 
the  elasticity  of  the  one  lung,  but  goes  a  long  way  to  satisfy  the  elasticity  of  the  other.  If,  for 
example,  the  pressures  be  reduced  to  figures,  and  we  assume  for  the  sake  of  illustration  that  in  a 
healthy  man  the  total  elastic  contractility  of  the  two  lungs  together  amounts  to  50,  the  opening 
of  one  pleura  may  satisfy  this  elasticity  to  the  extent  of  40,  leaving  only  10  for  the  unsatisfied 
elasticity  of  the  opposite  lung.  Thus,  in  pneumothorax,  which  is  the  corresponding  pathological 
condition,  if  the  lungs  are  healthy  and  their  elasticity  at  the  maximum,  the  total  respiratory 
capacity  will  be  suddenly  reduced  by  four-fifths. 

Lenhart11  obtained  results  in  experiments  on  rabbits  which  he  said  tended 
to  confirm  the  results  of  the  experiments  of  the  members  of  the  Empyema 
Commission. 
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Fig.  59. — A  tracing  made  on  the  living  dog  under  ether  anesthesia  to  show  the  nature  of  the  reaction  to  an  open  pneumo¬ 
thorax  with  a  moderate  opening,  as  indicated  in  the  changes  in  the  respiratory  movements,  in  the  tracheal  pressure 
and  in  the  pressures  in  both  pleural  cavities.  The  uppermost  tracing  represents  the  respiratory  movements,  the  next 
the  tracheal  pressure,  the  third  the  left  pleural  pressure,  and  the  fourth  one  the  right  pleural  pressure.  The  lowest  line 
indicates  the  time  in  seconds.  The  base  lines  were  drawn  at  atmospheric  pressure.  The  interval  represents  a  dura¬ 
tion  of  six  minutes.  Immediately  after  making  the  opening  there  is  a  simultaneous  change  of  pressure  in  the  pleural 
cavities  from  an  entirely  negative  phase  to  one  which  is  mostly  positive.  The  respirations  are  slowed,  but  are  increased 
in  amplitude.  Because  the  intrapleural  pressure  is  largely  positive,  practically  no  air  enters  the  trachea  and  the  intra¬ 
tracheal  pressure  tends  to  be  at  equilibrium  with  atmospheric  pressure.  Immediately  upon  closure  of  the  opening 
there  is  a  simultaneous  response  in  both  pleural  cavities,  with  restoration  of  negative  pressure  to  a  large  extent,  dimi¬ 
nution  of  the  amplitude  of  the  respiratory  movements  and  oscillations  again  of  positive  and  negative  intratra¬ 
cheal  pressure,  with  inspiration  and  expiration.  After  an  interval  of  six  minutes,  during  which  time  the  air  in  the 
pleural  cavities  has  probably  been  absorbed,  the  intrapleural  pressure  has  again  become  entirely  negative. 
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It  should  be  stated  here  that  often,  in  small  punctured  wounds  of  the 
chest,  even  where  the  lung  has  been  injured,  the  air  does  not  enter  the  pleural 
cavity  to  create  a  pneumothorax,  but  instead  it  finds  its  way  into  the  soft 
tissues  of  the  chest  wall.  This  phenomenon  is  frequently  seen  in  association 
with  fractured  ribs.  As  an  explanation  of  it  West12  suggested  that  the  cohe¬ 
sion  between  the  two  layers  of  pleura  is  so  great  that  a  considerable  force  is 
necessary  to  separate  them.  MacEwen13  has  also  adopted  this  explanation. 

The  older  conceptions  of  the  immediate  establishment  of  atmospheric 
pressure  within  a  pleural  space,  as  soon  as  an  open  pneumothorax  is  created, 
fail  to  take  into  consideration  the  fact  that  the  thorax,  instead  of  being  a  rigid 
box,  has  movable  walls,  which,  by  changing  the  size  of  the  contained  space, 
likewise  change  the  pressure  within  it.  If  the  older  conceptions  were  correct, 
then  a  small  opening  into  the  chest  would  have  the  same  consequences  as  a 
large  one,  because  in  each  case  “  collapse  ”  of  the  corresponding  lung  would  occur. 
It  would  follow  from  this  that,  in  a  normal  chest,  a  unilateral,  open  pneumotho¬ 
rax  ought  never  to  be  fatal,  regardless  of  how  large  the  opening  might  be,  since 
the  worst  possible  consequence  would  be  the  “ collapse”  of  one  lung.  Similarly, 
also,  with  the  same  line  of  reasoning,  a  bilateral,  open  pneumothorax  should 
always  be  promptly  fatal.  Experiences,  however,  both  experimental  and  in  the 
World  War,  which  controvert  these  two  conclusions,  have  been  many.  A  dog, 
for  example,  will  live  indefinitely  with  a  bilateral  open  pneumothorax  if  the  open¬ 
ings  are  not  too  large.  It  is  also  easy  to  demonstrate  experimentally  that 
a  definitely  quantitative  relationship  exists,  in  any  individual  with  a  normal 
thorax,  between  the  size  of  the  opening  in  an  open  pneumothorax  and 
the  danger  of  death,  because  the  really  important  factor  is  the  amount  of  air 
which  enters  the  chest  from  the  outside  with  each  inspiration. 

A  mathematical  expression  has  been  devised  by  which  it  is  possible  to 
approximate,  in  a  given  case,  the  maximum  opening  in  the  chest  wall  which 
is  compatible  with  life.  This  expression  is  as  follows: 

F-ftr 
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In  this  expression  T7  is  the  u vital  capacity”,  R1  is  the  rate  of  respiration 
before  the  opening  is  made,  R2  is  the  rate  of  respiration  after  the  opening  is 
made,  T  is  the  tidal  air  (approximately  500  c.  c.),  a  is  a  factor  less  than  1 
(assumed  to  be  about  0.8),  and  C  is  the  area  of  the  glottis  (about  2.25  sq.  cm.). 
By  substituting  numerical  values  the  determination  of  X  becomes  a  problem 
of  simple  arithmetic.  The  average  vital  capacity  V  and  the  “  tidal  air”  T  are 
given  by  Howell 14  as  3,700  c.  c.  and  500  c.  c.,  respectively.  The  normal  rate 
of  respiration  Rt  during  complete  rest  is  about  15  per  minute,  and  the  maximum 
rate  R2  for  the  greatest  possible  depth  of  respiration  is  about  60  per  minute. 


then  equals  125  and 

x  =  —~^-2-aC^ 28.6  aC 

125 


X  =  28.6  (0.8X2.25)  =51.5  sq.  cm. 
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In  other  words,  in  an  individual  with  an  average  xital  capacity  (3,700 
c.  c.),  an  opening  of  about  51.5  sq.  cm.  (8.1  sq.  in  )  is  the  largest  for  wliich 
compensation  can  be  made  if  the  mediastinum  has  a  normal  mobility.  It  is 
obvious,  however,  that  when  the  factor  V  (u  vital  capacity  )  is  increased  the 
value  of  X  will  also  increase.  Consequently  those  individuals  whose  vital 
capacity  is  greater  than  3,700  c.  c.  will  be  able  to  withstand  openings  of 
greater  areas  than  51.5  sq.  cm.  In  this  connection  it  is  noteworthy  that 
Peabody  and  Wentworth  15  have  shown  that  the  average  vital  capacity  for 
men  is  considerably  higher  than  that  of  the  general  average  of  both  men  and 
women.  The  average  value  based  on  their  observations  on  men  is  4,633  c.  c. 
If  this  value  is  substituted  for  V  in  the  given  equation,  the  value  for  X  is 
found  to  be  64.8  sq.  cm.  (10  sq.  in.).  The  maximum  opening,  therefore,  for 
which  the  average  man  can  compensate  is  about  64.8  sq.  cm.  In  the  exception¬ 
ally  large  man  of  athletic  build,  as  for  example  in  the  case  of  the  man  mentioned 
by  Peabody  and  Wentworth  who  had  a  vital  capacity  of  7,180  c.  c.,  a  relatively 
enormous  opening  in  the  chest  wall  can  be  compensated  for. 

In  such  a  case,  for  instance,  the  value  of  X  in  the  equation  would  be  101.3 
sq.  cm.,  or  15.6  sq.  in.  Practically,  the  opening  must  be  somewhat  smaller,  as 
the  extra  work  performed  by  the  muscles  of  respiration  to  establish  compensa¬ 
tion  increases  the  amount  of  air  required.  The  presence  of  toxemia,  infection, 
or  any  other  cause  which  increases  the  level  of  metabolism  will  decrease  the 
safety  limits  of  the  maximum  size  of  the  opening,  as  will  also  any  condition 
reducing  the  available  breathing  space  of  the  lung.  The  use  of  general  anes¬ 
thesia  will  probably  also  act  in  the  same  way.  It  should  be  borne  in  mind  that 
the  value  of  X  represents  the  approximate  maximum  opening  compatible 
with  life  only  so  long  as  the  respiratory  muscles  can  maintain  a  maximum 
respiratory  movement,  and,  in  addition,  that  it  is  only  an  approximation  because 
of  variability  in  different  individuals  of  some  of  the  other  factors,  as  for 
example,  C.  It  is  striking,  however,  that,  owing  to  the  negligible  resistance 
offered  by  the  mediastinum,  it  makes  very  little  difference  whether  there  is  a 
unilateral  or  a  bilateral  open  pneumothorax,  provided  that  the  combined  areas 
of  the  openings  in  the  bilateral  case  do  not  exceed  the  area  of  the  unilateral 
opening.  This  fact  clearly  controverts  the  former  conception  of  the  necessaiy 
“ collapse”  of  a  lung  after  the  creation  of  a  pneumothorax.  If  in  a  living 
dog  an  opening  into  the  chest  be  made  in  a  suitable  place  for  inspection,  as, 
for  example,  in  about  the  5th  interspace  in  the  mid-axillary  line,  the  expansion 
and  contraction  of  the  lung  can  be  observed  to  occur  with  each  act  of  respiration. 

The  reasons  for  this  quantitative  relationship  are  to  be  found  in  the  follow¬ 
ing  facts:  (1)  It  is  possible  to  maintain  life  as  long  as  the  lungs  can  inspire 
the  tidal  air,  which  normally  is  from  300  c.  c.  to  500  c.  c. ;  (2)  a  considerable 
encroachment  on  the  volume  of  the  two  lungs  can  be  made  before  a  stage  is 
reached  at  which  it  is  no  longer  possible  for  the  lungs  to  obtain  the  tidal 
air;  and  (3)  in  the  compensatory  reaction,  by  an  increase  in  the  amplitude  of 
the  respiratory  movements,  the  thorax  is  so  enlarged  that  actually  more  air  may 
enter  through  the  pneumothorax  opening  without  encroaching  to  the  same 
extent  on  the  tidal  air  than  would  be  the  case  if  the  thorax  were  not  enlarged. 

It  must  be  particularly  emphasized,  however,  that  this  consideration  of 
the  practically  negligible  resistance  of  the  mediastinum,  with  the  associated 
equality  of  pressure  throughout  the  thorax,  refers  only  to  the  normal  thorax. 
Obviously,  a  thickening  of  the  mediastinum  by  old  inflammation  and  the 
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presence  of  strong  adhesions  will  change  the  conditions  and  will  permit  the 
development  of  a  considerably  greater  pressure  on  one  side  than  on  the  other. 

An  open  pneumothorax  induces  other  harmful  effects  than  those  on  respi¬ 
ration.  These  have  been  summarized  by  Sauerbruch  16  as  loss  of  heat,  danger  of 
infection,  and  disturbances  of  the  circulation.  Sauerbruch  has  made  the  impor¬ 
tant  observation  that  the  loss  of  heat  from  an  open  pneumothorax  may  exceed 
that  which  follows  an  extensive  laparotomy  incision  with  eventration  of  the  intes¬ 
tine  ;  and  owing  to  the  changed  pressure  relationships,  a  stasis  in  the  venous  system 
occurs  which  is  shown  by  an  actual  increase  of  pressure  in  the  femoral  vein. 

In  the  case  of  a  closed  pneumothorax  conditions  very  different  from  those 
in  an  open  pneumothorax  are  present.  In  the  description  of  the  characteristic 
changes  produced  by  making  a  free  opening  into  the  pleural  cavity  it  was 
stated  that  the  closure  of  the  opening  resulted  in  a  sudden  restoration  of  negative 
pleural  pressure  and  a  prompt  relief  from  dyspnea.  Obviously,  after  making 
the  closure,  air  is  retained  in  the  pleural  cavity,  so  that  the  very  striking  differ¬ 
ence  in  the  phenomena  observed  must  be  due  merely  to  the  fact  that  an  open 
pneumothorax  has  been  converted  into  a  closed  one.  Although  air  is  absorbed 
from  the  pleural  cavity,  it  disappears  only  slowly;  and  the  sudden  benefit 
noted  by  the  closure  of  the  opening  can  not  be  attributed  to  the  immediate 
disappearance  of  the  air.  Apparently  the  explanation  of  the  relative  harm¬ 
lessness  of  a  closed  in  comparison  with  an  open  pneumothorax  lies  in  the 
fact  that  the  ability  to  compensate  for  interference  with  aeration  of  the  lungs 
is  limited.  In  a  closed  pneumothorax,  no  matter  how  much  air  is  contained 
in  a  pleural  cavity  no  additional  air  can  enter. 

In  such  a  case,  in  animal  experimentation,  it  is  necessary  for  the  animal 
to  increase  his  respiratory  effort  only  sufficiently  to  create  that  negative 
pressure  which  would  allow  him  to  breathe  the  requisite  amount  of  air  to 
maintain  oxygenation  of  his  blood.  Under  conditions  of  rest  this  amount  is 
equivalent  to  the  tidal  air,  which  in  the  human  is  a  relatively  small  fraction 
of  the  vital  capacity  (from  about  one-seventh  to  one-twelfth) .  A  fatal 
asphyxia,  therefore,  should  not  occur  until  so  large  a  proportion  of  the  lung 
capacity  has  been  replaced  by  air  in  the  pleural  cavity  that  the  animal's  vital 
capacity  equals  his  tidal  air,  provided  that  the  animal  is  at  rest,  and  his 
ability  to  compensate  by  increasing  his  respiratory  effort  is  good  and  that 
there  is  no  extraordinary  demand  for  air,  such  as  might  arise  from  toxemias. 
When  an  open  pneumothorax  is  converted  into  a  closed  one,  particularly 
if  the  closure  is  made  at  the  end  of  expiration,  the  amount  of  air  enclosed  in 
the  pleural  cavity  is  very  much  less  than  the  normal  difference  between  the 
tidal  air  and  the  vital  capacity,  and  naturally,  therefore,  there  is  comparatively 
little  dyspnea.  However,  in  the  case  of  an  open  pneumothorax,  there  is  an 
active  competition  for  air  going  on  between  the  trachea  and  the  pleural  open¬ 
ing.  At  each  inspiration  air  not  only  enters  the  trachea  but  also  enters  the 
pleural  cavity,  and  if  the  diameter  of  the  pleural  opening  is  the  same  as  that 
of  the  glottis,  practically  the  same  amount  of  air  will  enter  the  pleural  cavity 
as  will  enter  the  lungs  and  the  animal  will  be  compelled  to  increase  his  re¬ 
spiratory  effort  to  get  the  tidal  air  into  his  lungs.  If  the  opening  is  considerably 
larger  than  the  glottis,  it  will  be  still  more  difficult  to  get  the  required  amount  of 
air  into  the  lungs.  When  it  is  so  large  that  more  air  than  the  difference  be¬ 
tween  the  tidal  air  and  the  original  vital  capacity  enters  the  pleural  cavity  with 
each  inspiration,  the  animal  will  no  longer  be  able  to  obtain  the  requisite 
tidal  air  and  death  from  asphyxia  will  occur.  This  theoretical  discussion  is, 
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of  course,  only  an  approximation  and  is  not  strictly  accurate,  since  it  is 
necessary  to  consider  the  actual  amount  of  air  entering  by  each  opening  rather 
than  merely  the  differences  in  area,  a  consideration  which  also  involves  the 
relative  lengths  of  the  pleural  opening  and  the  trachea  with  the  resultant 
friction  to  the  passage  of  air.  Observations,  however,  both  clinical  and 
experimental,  tend  to  confirm  the  truth  of  this  explanation.  Clinically,  it  is 
well  known  that  an  individual  of  average  size  may  have  no  alarming  dyspnea 
from  a  pleural  exudate  amounting  to  2,000  c.  c.  or  2,500  c.  c.  Exudates  in 
greater  amounts,  however,  frequently  produce  very  severe  dyspnea,  par¬ 
ticularly  if  the  respiratory  muscles  are  weak.  Graham  and  Bell  experimentally 
injected  into  the  pleural  cavity  of  a  dog  of  8  kilos,  through  a  small  needle, 
as  much  as  1,800  c.  c.  of  air  over  an  interval  of  20  minutes  without  producing 
any  marked  asphyxia.  Beyond  that  point,  however,  additional  injections 
of  only  50  c.  c.  at  a  time  each  had  a  very  noticeable  effect  in  increasing  the 
dyspnea,  and  the  animal  died  after  about  2,100  c.  c.  of  air  had  been  injected. 

The  considerations  of  the  effects  of  pneumothorax  discussed  above 
receive  clinical  confirmation  from  the  experience  in  the  World  War  with  wounds 
of  the  chest.  Reference  has  already  been  made  to  the  fact  that  Army  surgeons 
found  not  only  that  surprisingly  large  gaping  wounds  of  the  thoracic  wall  did 
not  necessarily  result  in  a  fatal  asphyxia,  but  also  that  bilateral  “ sucking” 
wounds  were  not  inevitably  fatal.  These  findings  are  easily  explained,  how¬ 
ever,  by  the  quantitative  relationship  between  the  size  of  the  opening,  the 
“vital  capacity,”  and  the  other  factors  mentioned  above  in  this  connection. 
For  it  has  been  shown,  on  the  basis  of  calculations  described,  that  an  average 
normal  man,  even  without  adhesions,  can  compensate  for  an  opening  of  about 
64.8  sq.  cm.  (10  sq.  in.)  until  his  respiratory  muscles  become  fatigued  or  unless 
his  need  of  oxygen  becomes  abnormally  great.  Practically,  in  operative 
procedures  on  the  chest,  measures  are  always  adopted  by  the  operator  to 
reduce  the  size  of  the  opening.  An  opening,  which  is  apparently  very  large, 
is  often  actually  much  smaller,  because  of  the  presence  in  the  incision  of  a  lung 
which  has  been  delivered  out,  gauze  sponges,  instruments  and  fingers  of 
the  operator  or  of  his  assistants,  all  of  which  by  their  plugging  tend  to  reduce 
the  area  of  the  opening.  The  delivery  of  the  lung  outside  of  the  chest  wall 
also  accomplishes,  to  some  extent,  the  immobilization  of  the  mediastinum. 
There  is,  therefore,  apparently  a  perfect  harmony  between  the  conceptions  of 
pneumothorax  based  on  the  above  experimental  results  and  the  clinical 
observations  on  wounds  of  the  thorax. 

The  theory  of  the  action  of  pneumothorax  which  has  been  presented 
here  is  based  very  largely  on  the  idea  that  the  mediastinum  offers  only  a 
negligible  amount  of  resistance  to  changes  of  pressure  in  the  thorax.  From 
this  it  follows  also  that  both  lungs  would  be  almost  equally  compressed  by  any 
sudden  increase  of  pressure  within  the  thorax,  an  idea  which  has  been  further 
substantiated  by  experiment.  One  can  not,  however,  draw  the  conclusion 
that  in  chronically  increased  pressures  the  results  are  necessarily  the  same 
as  in  the  suddenly  induced  increases.  There  are  many  reasons,  indeed,  for 
thinking  that  a  difference  exists  and  that,  when  a  considerable  amount  of 
fluid  has  been  in  one  pleural  cavity  for  a  prolonged  period  (several  days  or 
longer)  the  effect  on  the  lung  on  the  fluid  side  differs  from  that  on  the  other 
side.  It  is  a  matter  of  common  experience  at  autopsy  on  cases  with  pleural 
effusions,  either  simple  or  purulent,  to  find  the  lung  much  smaller  on  the  side 
of  the  effusion.  This  fact  has  been  one  of  the  chief  reasons  in  the  past  for 
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assuming  that  the  mediastinum  is  a  relatively  rigid  partition  which  would 
allow  a  marked  compression  of  one  lung  without  there  being  a  noticeable 
effect  on  the  other.  Frequently,  it  has  been  used  also  as  an  argument  against 
the  theory  of  the  effects  of  pneumothorax  which  have  been  stated  here.  In 
this  connection  it  is  necessary,  however,  to  note  the  following  facts:  Adhesions 
are  almost  always  present  in  cases  in  which  there  is  a  pleural  effusion.  These 
adhesions  tend  to  stabilize  the  mediastinum  and  permit  a  marked  difference  of 
pressure  in  the  two  pleural  cavities,  a  difference  which  can  not  occur  in  the 
normal  individual  without  adhesions.  The  mere  fact  that  one  lung  is  smaller 
than  the  other  does  not  necessarily  imply  that  the  smaller  lung  has  been  com¬ 
pressed.  Even  the  absence  of  air  from  a  part  or  the  whole  of  the  lung  does 
not  imply  compression. 

The  results  of  the  experimental  work  of  Graham  and  Bell,  as  well  as  their 
conclusions,  have  been  confirmed  by  others.  Stivelman,  Hennell,  and  Golembe 8 
have  reached  identical  conclusions  both  in  experiments  on  rabbits  and  in 
therapeutic  artificial  pneumothorax  work  in  the  humans.  They  state: 

Graham  and  Bell  touched  the  heart  of  the  subject  when  they  came  to  the  conclusion  that: 
“From  the  standpoint  of  pressure  relations,  the  thorax  may  be  considered  as  one  cavity  instead 
of  two.  Any  change  in  pressure  in  one  pleural  cavity  will  affect  also  the  other  one  almost  equal  ly.  ’ ? 
The  results  of  our  own  experiments  *  *  *  also  support  this  view.  *  *  *  In  the  presence 
of  a  flexible  mediastinum  the  intrathoracic  equilibrium  in  pneumothorax  is  very  delicately 
adjusted,  and  any  disturbance  in  the  intrathoracic  pressure  on  the  treated  side  will  have  a 
proportionate  effect  on  the  intrathoracic  pressure  on  the  untreated  side. 

Experiments  on  animals  by  both  Simon 17  and  Betchov 18  have  likewise 
corroborated  the  truth  of  the  fundamental  conclusions  reached  by  Graham 
and  Bell.  Lenhart,11  in  a  number  of  experiments  on  rabbits,  came  to  the 
same  conclusion.  He  states  that  his  experimental  results  tend  to  confirm 
the  truth  of  the  conclusions  drawn  by  Graham  and  Bell.a 

a  Since  the  preparation  of  this  manuscript  in  the  summer  of  1922,  some  of  the  theoretical  aspects  of  open  pneumothorax 
discussed  here  have  been  questioned.  For  example,  Matas  (The  Value  of  Artificial  Aids  to  Respiration  in  Acute  Operative 
Collapse  of  the  Lungs,  Archives  of  Surgery,  1922,  v.  110),  Duval  (Les  donnees  actuelles  de  la  chirurgie  intrathoracique 
unilaterale  en  plevre  libre,  La  Presse  medicale,  1922,  xxx,  409),  Yates  (Effects  of  Acute  and  Chronic  Pneumothorax:  A 
Preliminary  Report,  American  Journal  of  the  Medical  Sciences,  1923,  clxv,  1),  and,  more  recently,  Snyder  (paper,  as  yet 
unpublished,  delivered  before  the  American  Association  for  Thoracic  Surgery  at  Chicago,  May  30,  1923),  have  stated  that 
in  the  dog  a  communication  exists  between  the  two  pleural  cavities.  They  infer  from  this  that  conclusions  drawn  from, 
experiments  on  the  dog  are  not  applicable  to  the  human.  The  conclusions  of  Graham  and  Bell  are  considered  by  some 
as  being  seriously  compromised.  The  author  of  this  chapter  has  answered  these  criticisms  in  part  in  an  article  in  the 
Journal  of  the  American  Medical  Association  (June  23,  1923,  1825),  and  also  in  La  Presse  medicale  (February  14,  1923,  141). 
The  controversy  has  not  yet  been  settled.  The  most  important  conclusion,  however,  has  not  been  challenged,  namely, 
that  the  “vital  capacity”  of  an  individual  determines  very  largely  the  size  of  the  pleural  opening  which  is  compatible 
with  life,  when  there  are  no  adhesions  and  no  induration  of  the  mediastinal  pleura.  The  plan  of  treatment  of  acute  em¬ 
pyema  based  on  this  conclusion  has  now  been  generally  accepted  in  this  country,  and  the  results  obtained  have  been  good 
evidence  of  its  general  truth.  As  regards  the  less  important  details,  the  author  has  never  been  able  to  find  the  alleged 
opening  in  the  mediastinal  pleura  in  the  normal  dog,  although  there  is  no  question  about  the  diffusion  through  the  mediasti¬ 
num  of  various  salts  and  dyes.  In  this  connection  important  considerations  are:  (1)  Can  a  unilateral  pneumothorax  be 
created  in  the  dog?  (2)  Is  there  much  difference  between  the  dog  and  the  human  in  the  amount  of  deflection  of  the  medi¬ 
astinal  structures  which  can  be  produced?  The  first  question  is  answered  in  the  affirmative  and  the  evidence  is  submitted 
in  the  author’s  publications  referred  to  above.  In  answer  to  the  second  questionit  may  be  stated  that  recent  experiments 
performed  by  the  author  indicate  that  there  is  a  close  agreement  of  the  dog  with  the  human  even  when  relatively  high  pres¬ 
sures  are  created  in  one  side  of  the  thorax.  In  either  case  the  actual  thinness  of  the  mediastinal  pleura  is  not  of  great  im¬ 
portance,  because  when  air  is  introduced  on  one  side,  the  lung  of  the  other  side  acts  as  a  buttress  against  the  mediastinal 
pleura,  hugging  it  closely  in  every  part  of  its  area.  The  degree  of  deflection  of  the  mediastinum,  therefore,  becomes  related 
to  the  degree  of  compressibility  of  the  opposite  lung.  However,  one  conclusion  from  the  work  of  Graham  and  Bell  is  in 
error  and  should  be  corrected.  It  was  stated  that  when  an  alteration  of  pressure  is  made  in  one  pleural  cavity  of  a  normal 
thorax  there  is  an  alteration  of  practically  the  same  degree  in  the  other  pleural  cavity.  This  is  true  for  pressures  up  to 
about  10  cm.  of  water,  but  they  have  found  recently  that  for  greater  pressures  it  does  not  hold.  For  example,  in  the  fresh 
human  cadaver,  if  air  is  injected  into  one  pleural  cavity  until  a  pressure  of  21  cm.  of  water  is  obtained,  the  reading  in  the 
other  cavity  has  been  found  to  be  15  cm.  of  water;  in  the  freshly  killed  normal  dog  the  corresponding  readings  have  been 
found  to  be  20  cm.  and  13  cm.  of  water  respectively.  In  Graham’s  earlier  work  with  Bell  the  effects  of  pressures  above 
10  cm.  of  water  were  not  determined.  It  was  proposed  to  do  this;  but  the  experimental  work  was  suddenly  interrupted 
by  the  fact  that  Graham  was  sent  to  an  overseas  organization  before  the  completion  of  the  work.  This  later  finding  will 
also  permit  a  slightly  larger  theoretical  maximum  non-fatal  opening  in  the  chest  wall  than  was  allowed  in  previous  cal¬ 
culations. 
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During  the  World  War,  while  the  work  of  the  Empyema  Commission 
was  in  progress,  the  vital  capacities  of  the  patients  were  not  investigated, 
but  subsequently  there  was  opportunity  to  make  some  studies  of  this  character 
in  civil  cases.  It  is  interesting  that  such  studies  have  tended  to  confirm  the 
validity  of  the  mathematical  expression  concerning  the  maximum  nonfatal 
opening.  A  case  which  shows  this  relationship  is  briefly  described. 

A  young  man  who  gave  a  history  of  having  had  pneumonia  in  the  early 
part  of  February,  1922,  and  in  whom  pus  had  been  found  by  aspiration,  March  4, 
was  admitted  to  the  hospital  March  7.  An  aspiration  which  was  then  per¬ 
formed  resulted  in  the  withdrawal  of  about  300  c.  c.  of  moderately  thick  pus 
containing  hemolytic  streptococci.  A  question  as  to  the  existence  of  an  active 
pneumonia  induced  the  postponement  of  the  operation  for  a  few  days.  On 
March  12,  immediately  before  the  operation,  the  vital  capacity  reading  was 
1,600  c.  c.  and  the  tidal  air  400  c.  c.  It  was  felt  that,  by  this  time,  sufficiently 
firm  adhesions  would  be  present  to  circumscribe  the  abscess  and  prevent  a  gen¬ 
eral  pneumothorax  on  that  side.  A  resection  of  the  eighth  rib  in  the  right  pos¬ 
terior  axillary  line  was  made  under  nitrous  oxid  and  oxygen  anesthesia,  and 
400  c.  c.  of  pus  escaped.  Immediately  after  the  escape  of  the  pus  an  alarming 
dyspnea  occurred  which  was  promptly  relieved  by  plugging  the  opening.  On 
releasing  the  plug  of  gauze  the  dyspnea  recurred;  and  it  was  again  relieved  by 
applying  a  firm  pad  of  dressings  over  the  opening  after  a  large  drainage  tube 
and  a  Carrel  tube  had  been  hurriedly  inserted  into  the  wound.  Although  the 
dyspnea  was  lessened  after  the  opening  had  been  covered,  it  persisted  to  an 
uncomfortable  degree  for  several  hours.  On  the  second  day  a  tracing  of  the 
wound  was  taken  and  its  area  was  computed  by  means  of  an  Amsler  planimeter, 
which  revealed  an  area  of  about  2.1  sq.  in.  If  stabilizing  adhesions  were  not 
present,  therefore,  the  operative  opening  of  2.1  sq.  in.  allowed  him  a  margin  of 
safety  of  only  1.2  sq.  in.,  and  it  is  not  surprising  that  severe  dyspnea  resulted. 
As  further  evidence  that  firm  adhesions  were  not  present  at  the  time  of  opera¬ 
tion,  is  the  fact  that  one  week  later  the  cavity  measured  1,300  c.  c.,  although 
at  operation  only  400  c.  c.  of  pus  escaped,  an  indication  that  probably  the  alarm¬ 
ing  dyspnea  was  the  result  of  a  more  or  less  general  pneumothorax. 

After  establishing  drainage  of  the  empyema  the  vital  capacity  increases. 
The  diminution  of  the  size  of  the  cavity  usually  goes  hand  in  hand  with  an 
increase  in  the  vital  capacity.  This  relationship  is  shown  in  the  following  table 
compiled  from  observations  made  in  another  case : 

Course  of  diminution  of  cavity  and  increase  of  vital  capacity. 


Date. 

Capacity 
of  cavity. 

Vital 

capacity. 

Tidal 

air. 

Feb  24  1922  . 

c.c. 

260 

c.c. 

1,  250 

c.c. 

300 

Mar  3  1922  . 

90 

1,  750 

300 

Mar  98  1 Q99  . 

60 

1,  950 

25 

2,  300 

300 

AVOIDANCE  OF  OPEN  DRAINAGE  DURING  PNEUMONIC  STAGE. 

In  the  light  of  what  has  already  been  said  concerning  the  pathology  of 
pneumonia  and  empyema,  especially  that  due  to  the  hemolytic  streptococcus, 
and  the  physiological  basis  of  treatment,  it  seems  rational  to  conclude,  that  if 
an  open  pneumothorax  is  created  by  establishing  drainage  in  a  patient  who  is 
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already  partly  asphyxiated,  such  a  serious  burden  may  be  added  to  him  that 
he  will  succumb.  He  will  certainly  die  if  enough  interference  with  his  breath¬ 
ing  exists  to  make  his  vital  capacity  equal  his  tidal  air;  for  under  such 
circumstances  he  will  not  be  able  to  tolerate  even  a  tiny  opening  in  his 
chest.  When  the  Empyema  Commission  substituted  a  method  of  repeated 
aspirations  during  the  pneumonic  stage  with  a  deferred  drainage  operation,  in 
place  of  an  early  open  operation,  at  Camp  Lee  the  mortality  dropped  from  a 
little  more  than  40  per  cent  to  4.3  per  cent.  Similar  striking  reductions  in  the 
mortality  occurred  in  other  camps  when  early  open  drainage  was  abandoned. 
In  a  statistical  article  Stone  19  has  shown  the  marked  reduction  in  mortality 
which  occurred  at  Fort  Riley,  Kansas,  after  the  early  open  operation  was 
abandoned.  His  cases  are  divided  into  three  series  and  the  following  quotation 
from  his  article  reveals  the  striking  difference  in  mortality : 

1.  First  series:  Early  operation  (October  20,  1917,  to  January  21,  1918),  85  cases;  mortality, 
61.2  per  cent. 

2.  Second  series:  Early  aspirations  and  late  operation  (January  12,  1918,  to  August  10,  1918), 
96  cases;  mortality,  15.6  per  cent. 

3.  Third  series:  Early  aspirations  and  late  operation  (October  18,  1918,  to  February  14,  1919), 
94  cases;  mortality,  9.5  per  cent. 

Souligoux.20  who  advises  early  open  drainage  in  all  cases  of  acute  empyema, 
states  that  the  mortality  of  the  streptococcus  cases  is  never  less  than  25  per  cent, 
a  conclusion  which  seems  to  be  significant  in  the  light  of  the  much  lower  mor¬ 
tality  obtained  in  the  United  States  Army  when  an  early  open  drainage  was  not 
performed.  In  addition  to  the  danger  of  an  open  pneumothorax  there  are  cer¬ 
tain  other  dangers  inherent  in  even  so  minor  an  operation  as  the  establishment 
of  drainage.  One  of  these  is  the  possible  creation  of  a  septicemia.  This  danger 
exists  particularly  in  the  streptococcal  cases.  In  fact,  in  several  instances  at 
Camp  Lee,  a  positive  culture  of  streptococci  was  found  shortly  after  operation 
in  patients  whose  blood  immediately  before  the  operation  was  sterile.  The 
operations  referred  to  were  both  simple  intercostal  incisions  and  rib  resections 
performed  early  during  the  pneumonic  stage  of  the  empyema.  The  fact  that 
positive  blood  cultures  were  very  uncommon  in  other  cases  made  it  seem  that 
doubtless  some  definite  relationship  existed  between  the  early  operation  and  the 
creation  of  a  septicemia.  This  appears  to  be  all  the  more  likely  when  one  re¬ 
calls  that  a  very  close  analogy  exists  between  these  streptococcal  infections  of 
the  lungs  and  pleura  and  the  ordinary  streptococcal  cellulitis  cases  which  occur 
in  other  parts  of  the  body.  Experience  has  clearly  shown  in  the  case  of  ordi¬ 
nary  streptococcal  cellulitis,  that  free  incisions  during  the  acute  stage  aggravate 
the  condition. 

There  are  two  ways  by  which  some  drainage  at  least  can  be  accomplished 
without  creating  an  open  pneumothorax.  One  of  these  consists  of  repeated 
aspirations  to  be  followed  later  by  open  drainage,  and  the  other  of  the  establish¬ 
ment  of  continuous  closed  drainage  by  means  of  a  tightly  fitting  tube  so  ar¬ 
ranged  as  to  exclude  air.  Both  aspiration  and  continuous  closed  drainage 
are  old  methods.  Although  each  has  had  its  enthusiastic  advocates  from 
time  to  time,  neither  method  exclusively  has  given  satisfactory  results. 

In  1844,  before  the  Royal  Medical  and  Chirurgical  Society  of  London, 
Hamilton  Roe  21  advocated  aspiration  as  a  therapeutic  measure  in  empyema. 
He  reported  9  cases  of  purulent  effusion,  of  which  8  were  said  to  have  recovered 
and  1  died.  Of  39  cases  of  pleural  effusion  of  all  kinds  which  had  been  reported 
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in  British  medical  journals  between  1812  and  1842  as  having  been  treated  with 
aspiration,  only  11  had  died.  Roe  emphasized  the  importance  of  early  para¬ 
centesis,  not  later  than  three  weeks  from  the  outset.  At  the  same  meeting, 
Theophilus  Thompson  reported  the  recovery  of  a  case  of  empyema  in  a  child 
upon  whom  he  had  performed  repeated  paracentesis  in  the  preceding  summer, 
carefully  excluding  the  entrance  of  air  by  tying  “thin  skin  over  the  end  of 
the  cannula  during  the  procedure.  In  this  country  Henry  I.  Bowditch  was 
one  of  the  first  to  employ  paracentesis  in  pleural  effusions  of  all  kinds,  and  it 
was  largely  owing  to  his  enthusiastic  advocacy  of  the  method  that  it  became 
popular  in  America.  He  gave  credit  to  Dr.  Morrill  Wyman  of  Cambridge, 
Mass.,  for  the  invention  of  the  aspirating  device  which  he  used  successfully 
on  several  cases. 

A  small  percentage  of  cases  of  empyema  will  recover  after  aspiration  alone, 
a  few  after  a  single  aspiration,  more  after  repeated  ones.  The  method  is  not 
to  be  relied  upon,  however,  and  when  used  it  should  be  only  a  temporary  pro¬ 
cedure  for  the  purpose  of  tiding  a  patient  over  the  acute  pneumonic  stage  of  the 
illness,  with  the  expectation  of  establishing  adequate  drainage  later.  Of  the 
acute  cases  studied  by  the  Empyema  Commission,  13  per  cent  recovered  after 
aspiration  alone.  This  agrees  closely  with  Stone’s  19  finding  that  at  Fort  Riley 
11.3  per  cent  recovered.  Holt 23  says  that  of  139  cases  of  children  treated  by 
aspiration;  25  recovered  (18  per  cent),  8  of  these  by  a  single  aspiration,  13 
died  (9.3  per  cent),  and  the  remaining  101  were  afterwards  subjected  to  other 
treatment.  Objections  to  the  method  of  aspiration  alone  are,  the  difficulty  of 
providing  in  this  way  adequate  drainage  because  of  the  presence  in  the  exudate 
of  masses  of  fibrin  and  necrotic  tissue  which  are  too  large  to  pass  out  through 
a  needle  or  trocar;  possible  harm  resulting  from  the  puncture  of  the  lung  or  a 
blood  vessel  with  the  needle,  or  from  pleural  reflexes ;  and  the  incontrovertible 
fact  that  most  cases  which  have  been  treated  by  aspiration  alone  require  a 
drainage  operation  later. 

To  perform  paracentesis,  a  method  should  be  used  which  does  not  permit 
the  entrance  of  air  into  the  pleural  cavity.  For  this  purpose  the  Potain  as¬ 
pirator  is  well  adapted.  The  needle  should  be  inserted  into  an  intercostal 
space  at  the  lower  portion  of  the  fluid.  In  most  cases  the  site  of  election 
is  in  the  eighth  interspace  in  the  posterior  axillary  line.  The  procedure  can 
easily  be  made  painless,  or  practically  so,  by  an  intelligent  use  of  local  anes¬ 
thesia.  To  accomplish  this,  it  is  important  that  not  only  should  the  skin 
and  subcutaneous  tissues  he  anesthetized  but  the  parietal  pleura  also  should 
be  anesthetized.  One-half  per  cent  novocaine  is  advantageous  for  this  purpose. 
For  the  aspiration  the  patient  should  be  in  a  comfortable  position;  it  is  not 
necessary  that  he  should  be  in  any  particular  position.  The  fluid  should  be 
withdrawn  slowly,  and  the  aspiration  may  be  continued  until  either  no  more 
fluid  is  obtained  or  untoward  symptoms  supervene.  Capps  and  Lewis  24  have 
shown  experimentally  in  dogs  that  irritation  of  an  inflamed  pleura  frequently 
leads  to  a  collapse  with  a  sudden  drop  of  blood  pressure  similar  to  the  syncope 
sometimes  observed  in  the  human  during  aspiration  or  irrigation  of  the  pleural 
cavity.  They  found  that  artificial  respiration  was  the  most  effective  means  of 
restoring  the  blood  pressure. 

If  a  method  of  repeated  aspirations  is  to  be  carried  out,  the  process  can 
be  repeated  as  soon  as  any  considerable  reaccumulation  of  exudate  occurs.  In 
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the  Army  epidemic  it  was  found  that  it  was  desirable  usually  to  repeat  the  as¬ 
piration  in  from  four  to  six  days.  If  repeated  aspirations  are  made,  the  appear¬ 
ance  of  the  fluid  will  change.  In  a  streptococcal  case,  for  example,  where  the 
fluid  is  at  first  serofibrinous,  slightly  blood  tinged  and  thin  enough  to  pass 
through  the  aspirating  needle  without  much  difficulty,  it  will  gradually  become 
thicker  and  more  frankly  purulent,  assuming  at  the  same  time  a  slightly 
greenish  tinge.  If  the  aspirations  have  been  made  at  intervals  of  three  or  four 
days,  usually  by  the  third  or  fourth  aspiration  it  will  be  definitely  frank  pus. 
As  a  rule,  also,  coincident  with  the  change  in  the  character  of  the  fluid,  a  general 
improvement  in  the  patient’s  condition  will  have  been  noted,  as  shown  by 
a  diminution  in  the  fever,  the  disappearance  of  cyanosis  and  extreme  dyspnea, 
a  better  quality  of  the  pulse,  and  an  increase  in  the  appetite.  Frequently  the 
path  of  the  needle  becomes  infected,  and  occasionally  an  abscess  forms  in  the 
soft  parts. 

Continuous  drainage  by  a  “  closed”  method,  that  is,  one  which  does  not 
permit  the  entrance  of  air  to  the  pleura,  is  also  an  old  practice,  although,  as 
Binnie 25  says,  “in  recent  years  it  has  been  frequently  rediscovered  and  modified 
in  unessential  details.'7  One  of  the  first  enthusiastic  advocates  of  it  was 
Cresswell  Hewett,26  in  1876,  who  described  his  plan  of  “continuous  aspiration” 
as  follows: 

Paracentesis  being  performed  with  an  ordinary  trocar  and  canula,  a  caoutchouc  (rubber) 
tube  is  placed  through  the  canula  into  the  empyema  cavity;  the  canula  is  then  extracted,  and 
the  outer  end  of  the  caoutchouc  tube  is  attached  to  a  glass  tube,  piercing  the  cork  and  reaching 
to  the  bottom  of  the  vessel  containing  a  weak  solution  of  Condy’s  fluid  or  antiseptic.  By  gently 
lowering  and  raising  the  bottle  the  cavity  is  washed  out,  and  by  changing  the  first  bottle  for  another 
and  similar  one  the  cavity  is  evacuated  of  pus,  and  filled  with  antiseptic  solution;  thus  the  pressure 
on  the  vessels  in  the  wall  of  the  sac  is  not  much,  if  at  all,  altered,  and  hemorrhage  and  transuda¬ 
tion  are  prevented.  The  amount  of  fluid  to  remain  in  the  cavity  is  lessened  day  by  day,  by  in¬ 
creasing  the  siphon  action  of  the  apparatus  by  keeping  the  bottle  at  a  lower  level,  each  day  than 
the  day  previous. 

Biilau  27  in  1891  proposed  a  method  almost  identical  to  that  of  Hewett 
except  that  he  recommended  irrigations  with  lime  water  through  the  tube. 
Since  that  time  the  principle  of  suction  drainage  has  been  rather  generally,  and 
particularly  in  this  country,  credited  to  Biilau,  although  Hewett  had  antedated 
him  by  15  years.  During  the  World  War  the  principle  was  extensively  revived 
again  in  the  United  States  Army  camps  and  subjected  to  modifications  to 
such  an  extent  that  almost  every  camp  had  its  own  pet  scheme  for  continuous 
suction  drainage,  for  each  of  which  the  enthusiastic  advocates  made  claims 
of  vast  superiority  over  all  other  methods. 

Mozingo,28  one  of  the  most  enthusiastic  of  the  recent  advocates  of  the 
principle  of  closed  drainage,  combines  a  system  of  closed  drainage  with  irri¬ 
gation  by  Dakin’s  solution  and  Murphy’s  fluid  (2  per  cent  solution  of  formal¬ 
dehyde  in  glycerin).  Diederich29  had  employed  a  method  very  similar  to 
Mozingo’s  at  Camp  Pike  before  Mozingo’s  arrival  there.  Mozingo  reports 
a  series  of  138  cases,  45  acute  and  93  chronic,  treated  by  himself,  with  a  mor¬ 
tality  of  less  than  2  per  cent.  He  regards  an  open  drainage  operation  as 
practically  never  necessary  and  states  that  he  has  not  found  it  necessary  in 
his  series  of  cases.  It  does  not  seem  likely  that  an  exclusively  closed  method 
could  have  such  uniformly  good  results  unless  particularly  favorable  conditions 
were  present,  such  as  diminished  virulence. 
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Theoretically,  the  early  establishment  of  continuous  drainage,  with  negative 
pressure,  should  have  the  advantages  of  keeping  the  pleural  cavity  relatively 
free  from  liquid  exudate  and  organisms,  of  aiding  the  expansion  of  the  lungs,  as 
well  as  of  avoiding  an  open  pneumothorax  with  its  attendant  dangers.  Prac¬ 
tically,  however,  it  seems  doubtful  if  the  results  are  appreciably  better  than 
with  the  method  of  repeated  aspirations.  There  is,  also,  the  additional  risk, 
slight  though  it  may  be,  that  a  delirious  and  unmanageable  patient,  by  inter¬ 
ference  with  the  apparatus  or  the  drainage  tube,  may  allow  air  to  enter  his 
pleural  cavity  and  may  suffer  from  the  effects  of  an  open  pneumothorax  before 
it  can  be  corrected.  This  danger  was  one  of  the  considerations  which  deterred 
the  Empyema  Commission  from  adopting  as  a  routine  the  establishment  of 
continuous  drainage,  with  negative  pressure,  although  in  some  cases  it  was 
used. 

Regardless,  however,  of  whether  repeated  aspirations  or  a  method  of  con¬ 
tinuous  closed  drainage  is  used  to  tide  the  patient  over  the  acute  pneumonic 
stage,  it  would  seem  that  every  case  should  be  regarded  as  one  in  which  an 
operation  for  the  creation  of  free  drainage  will  be  necessary  at  the  proper  time. 
It  should  be  regarded  as  exceptional  for  a  case  of  empyema  not  to  require  free 
drainage.  If  the  exudate  clears  up  under  the  conservative  treatment  and  does 
not  return,  operation  may  be  withheld,  but  the  patient  should  be  under  close 
observation  for  at  least  a  month. 

Aside  from  the  danger  of  creating  an  open  pneumothorax  during  the 
pneumonic  stage,  there  are  certain  advantages  in  a  deferred  operation.  By 
the  time  the  pneumonia  has  subsided  and  the  exudate  has  become  frankly 
purulent,  a  more  or  less  diffuse  cellulitis  of  the  pleura  has  become  converted  into 
an  abscess  shut  off  by  adhesions  from  the  rest  of  the  pleural  cavity.  An  opera¬ 
tion  at  this  stage  not  only  minimizes,  therefore,  the  risk  of  creating  an  open 
pneumothorax  because  it  is  not  necessary  to  open  into  the  free  pleural  cavity, 
but  it  presents  the  safer  aspect,  well  known  to  surgeons,  which  the  drainage  of  a 
streptococcus  abscess  always  has  over  premature  incisions  into  cases  of  cellulitis 
before  an  abscess  has  formed.  Even  if  an  open  pneumothorax  should,  by 
chance,  be  created,  the  patient  is  in  a  much  better  condition  to  withstand  its 
harmful  effects,  because  the  subsidence  of  the  active  pneumonia  has  the  effect 
of  making  the  area  of  the  air  inlet  to  the  lungs  larger  than  when  many  of  the 
bronchioles  and  much  of  the  lung  parenchyma  are  blocked  by  the  pneumonic 
process,  so  that  the  pleural  opening  is  incapable  of  producing  the  same  amount 
of  harm;  the  pressure  of  adhesions  and  the  inflammatory  thickening  and  indura¬ 
tion  of  the  mediastinum  tend  to  make  the  mediastinum  less  mobile;  the  patient’s 
need  of  oxygen  is  less  because  of  an  approximately  normal  metabolism;  and 
the  respiratory  compensation  is  more  efficient  since,  owing  to  a  diminished 
toxemia,  the  respiratory  muscles  will  not  become  so  easily  fatigued. 

The  danger  of  early  open  operation  has  been  recognized  by  Legendre,30 
who  divides  patients  with  empyema  into  two  classes.  The  first  class  comprises 
those  with  “  white  dyspnea”  in  whom  the  dyspnea  is  moderate,  the  respiration 
rate  being  about  25  to  30  per  minute.  The  pallor  is  due  to  toxemia.  The 
pulmonary  lesions  are  either  extinct  or  nearly  well.  In  such  cases  a  con¬ 
siderable  time  has  elapsed  since  the  beginning  of  the  infection.  After  operation 
the  fever  subsides  promptly,  the  dyspnea  improves  progressively,  and  recovery 
is  the  rule.  The  second  class  comprises  those  with  “blue  dyspnea,”  in  whom 
the  rate  of  respiration  is  from  45  to  50.  There  is  marked  cyanosis  of  the  face 
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and  extremities.  These  symptoms  are  in  proportion  to  the  pulmonary  and 
not  the  pleural  lesions.  Operation  increases  the  dyspnea,  has  no  effect  on  the 
fever,  and  is  generally  promptly  followed  by  death. 

The  only  aspect  of  an  acute  empyema  which  may  require  an  immediate 
interference  for  relief  is  the  presence  of  alarming  or  distressing  dyspnea.  The 
only  type  of  dyspnea  which  may  arise  and  which  is  amenable  to  relief  by 
intervention  is  that  induced  by  an  excessive  pressure  within  the  thorax.  This 
pressure  may  be  the  result  either  of  an  excessive  amount  of  fluid  exudate 
alone,  or  of  a  combination  of  a  spontaneous,  rapid  accumulation  of  air  within 
the  pleura,  in  addition  to  the  fluid.  In  either  case  prompt  relief  can  almost 
invariably  be  given  by  aspiration.  Pneumococcal  empyema  differs  consider¬ 
ably  from  streptococcal  empyema  in  the  fact  that  ordinarily  it  is  not  recognized 
until  after  the  subsidence  of  the  pneumonia.  In  this  sense  it  is  “metapneu- 
monic,”  as  suggested  by  Gerhardt.31  When  it  is  recognized,  therefore,  many 
of  the  conditions  are  usually  found  to  be  present  which  one  strives  to  accomplish 
in  the  streptococcal  cases  by  the  preliminary  aspirations.  Doubtless  it  is 
mainly  for  this  reason  that,  formerly,  when  early  open  drainage  was  extensively 
practiced  in  empyema,  the  mortality  in  the  pneumococcal  cases  was  generally 
much  lower  than  in  those  due  to  the  streptococcus. 

These  considerations  lead  to  this  pertinent  question:  In  a  case  which  has 
had  a  preliminary  treatment  by  aspirations  or  by  continuous  closed  drainage, 
when  should  an  operation  for  drainage  be  performed  %  There  can  be  no  hard 
and  fast  rule  for  deciding,  but  when  the  exudate  has  lost  its  serofibrinous  nature 
and  has  become  frankly  purulent,  thus  indicating  that  the  pneumonia  has  sub¬ 
sided  and  that  adhesions  have  formed  to  wall  off  the  abscess,  operation  may 
safely  be  performed.  Ordinarily,  3  or  4  aspirations  are  performed  during  the 
course  of  from  10  days  to  2  weeks. 

As  to  the  type  of  operation  employed  for  drainage,  either  an  intercostal  in¬ 
cision  may  be  used,  with  the  idea  of  later  removing  a  portion  of  a  rib  if  necessary, 
or  a  rib  resection  may  be  done  at  once.  Moschcowitz  preferred  usually  to  begin 
with  a  simple  intercostal  incision.  Certain  cases  will  recover  merely  by  use  of  an 
intercostal  incision  but  the  majority  will  probably  heal  more  quickly  if  a  portion 
of  a  rib  is  removed  to  provide  more  adequate  drainage.  One  of  the  disadvantages 
of  rib  resection  over  simple  intercostal  incision  is  the  greater  danger  of  a 
chronic  sinus  from  an  osteomyelitis  of  the  rib.  Either  operation  can  usually  be 
performed  satisfactorily  with  novocaine  anesthesia,  although  there  is  probably 
no  objection  to  the  use  of  nitrous  oxide  and  oxygen.  The  following  method  of 
inducing  local  anesthesia  was  employed  by  the  Empyema  Commission:  Infiltra¬ 
tion  of  the  whole  field  of  operation  beginning  with  the  production  of  a  small  skin 
wheal  by  use  of  a  hypodermic  needle  and  syringe,  and  supplementing  the  local 
infiltration  by  blocking  the  appropriate  intercostal  nerves  in  the  subcostal 
grooves  close  to  the  spine.  Because  of  communicating  branches  from  the 
adjacent  intercostal  nerves  it  is  advantageous  to  block  not  only  the  particular 
nerve  to  the  rib  to  be  resected  but  also  the  one  above  and  below,  respectively. 
For  example,  if  the  eighth  rib  is  to  be  resected,  not  only  is  the  eighth  intercostal 
nerve  blocked  but  also  the  seventh  and  ninth.  It  will  usually  be  found  more 
satisfactory  to  combine  the  two  procedures  of  nerve  blocking  and  the  local  in¬ 
filtration.  The  operation  should  then  be  painless. 

The  particular  rib  selected  for  resection  depends  considerably  upon  the 
location  of  the  empyemic  abscess.  A  rib  at  the  lowest  border  of  the  abscess  will 
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ordinarily  be  chosen,  but  never  one  lower  than  the  ninth  because  of  the  danger 
of  injury  to  the  diaphragm.  Most  commonly  the  eighth  or  ninth  rib  in  the 
posterior  axillary  line  is  the  one  selected.  Anterior  drainage  is  never  done  ex¬ 
cept  in  the  unusual  cases  in  which  the  abscess  is  immediately  behind  the  anterior 
wall.  Chevrier  32  found  on  the  cadaver  that  resection  of  the  sixth  rib  in  the 
posterior  axillary  line  permitted  the  retention  of  650  c.  c.  of  fluid  in  the  recum¬ 
bent  posture  and  from  1,250  to  1,300  c.  c.  in  the  erect  posture;  while  the  resec¬ 
tion  of  the  eighth  rib  in  the  scapular  line  caused  the  retention  of  300  c.  c.  in  the 
recumbent  posture  and  from  150  to  200  c.  c.  in  the  erect  posture.  Observations 
on  the  cadaver,  however,  are  not  entirely  applicable  to  the  living,  because  after 
death  the  cessation  of  respiratory  movements  eliminates  to  a  great  extent  the 
power  of  the  thorax  to  empty  itself.  The  movement  of  the  diaphragm  must  be 
important  in  this  respect.  Binnie  25  states  that  an  opening  made  at  the  angle 
of  the  seventh,  eighth,  or  ninth  rib  will  drain  the  cavity  absolutely  when  the 
body  is  recumbent. 

After  making  the  rib  resection  it  is  advisable  to  have  the  patient  cough  or 
strain  a  little.  This  procedure  will  frequently  force  into  the  surgical  opening 
large  masses  of  fibrin.  These  masses  of  fibrin  are  sometimes  as  large  as  the 
palm  of  the  hand,  and  if  they  are  retained  they  delay  healing.  By  this  procedure 
they  may  usually  be  easily  recognized  and  removed  at  the  time  of  the  operation. 
By  digital  exploration  or  by  the  use  of  an  endoscope,  large  masses,  which  fail 
to  appear  by  having  the  patient  cough  or  strain,  may  sometimes  be  recognized. 
Some  surgeons  attempt  also  to  break  up  adhesions  with  the  finger.  Logically, 
this  would  seem  to  be  a  practice  to  be  strongly  condemned ;  no  one  would  think 
of  similarly  breaking  up  the  adhesions  around  an  abdominal  abscess.  One  of 
the  objects  in  deferring  the  operation  is  to  localize  the  infection  into  an  abscess. 
Why  then  disseminate  the  infection  again  ?  Likewise,  the  practice  of  attempt¬ 
ing  decortication  in  an  operation  for  acute  empyema  is  most  unwise  and  will 
certainly  do  more  harm  than  good  in  most  cases. 

In  the  practice  of  the  Empyema  Commission  usually  two  rubber  tubes,  as 
suggested  by  Mitchell,  which  were  beveled  at  the  end  and  fenestrated,  were 
passed  into  the  cavity  and  anchored  on  the  outside  with  safety  pins.  Preferably 
these  should  be  of  fairly  stiff  rubber  (not  soft  enough  to  collapse  of  themselves) 
and  with  an  inside  lumen  of  about  a  half  inch  in  diameter.  The  tubes  ordinarily 
should  pass  just  far  enough  into  the  cavity  to  permit  retention.  If  there  is 
difficulty  in  holding  a  tube  in  place  a  strip  of  adhesive  plaster  through  the  pin 
and  attached  to  the  skin  will  usually  suffice  to  hold  it  in  place.  Through  one 
of  the  tubes  one  or  two  Carrel  tubes  are  placed  in  such  a  way  as  to  insure 
thorough  irrigation  of  the  cavity.  The  fenestrations  in  the  tube,  even  if  they 
do  not  project  into  the  cavity,  permit  some  degree  of  irrigation  of  the  sinus 
tract,  a  feature  which  is  very  desirable.  If,  instead  of  using  free  open  drainage 
as  outlined  here,  it  is  desired  to  practice  some  one  of  the  closed  methods  of 
suction  drainage,  it  may  be  done.  Here  again,  however,  in  spite  of  theoretical 
advantages,  after  an  extensive  trial  of  both  methods,  one  can  not  be  convinced 
that  practically  any  better  results  are  obtained  with  methods  of  closed  drainage. 
A  device  which  was  used  in  a  large  number  of  cases  by  the  Empyema  Commission 
is  shown  in  Figure  60.  Other  measures  which  are  sometimes  resorted  to  for 
the  purpose  of  excluding  air  are  the  use  of  valvular  tubes  of  which  many 
different  kinds  have  been  suggested.  The  simplest  type  consists  of  a  tube  the 
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external  end  of  which  is  covered  with  a  loose  piece  of  thin  rubber  or  of  some 
similar  material  which  will  allow  fluid  to  escape  from  the  cavity  but  which 
on  inspiration  will  be  sucked  up  against  the  opening  in  the  tube  and  exclude 
air.  One  of  these,  suggested  by  Moschcowitz  and  used  by  the  Empyema 
Commission,  is  illustrated  in  its  preliminary  report.2 


Not  only  is  there  no  apparent  advantage  in  the  use  of  closed,  sucking 
devices  for  continuous  drainage,  but  there  are  even  certain  disadvantages. 
One  of  the  principal  objections  is  that,  with  most  forms  of  apparatus,  it  is 
necessary  for  the  patient  to  remain  in  bed.  This  is  a  distinct  disadvantage 
because  it  is  very  desirable  for  all  such  patients  to  be  up  and  out  of  bed  as  soon 
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as  the  heart  and  general  condition  will  permit.  If,  however,  a  valvular  tube 
of  some  kind  is  used,  such  as  shown  in  Figure  60,  or  such  a  device  as  that 
advocated  by  Yon  Eberts;33  or,  if  a  Politzer  bag  is  put  on  the  tube,  as  recom¬ 
mended  by  Bryant,34  then  it  will  be  possible  for  the  patient  to  be  out  of  bed. 
Mozingo28  has  claimed  as  one  of  the  advantages  of  his  method  that  the  patient 
can  get  out  of  bed  early.  But  there  are  some  objections,  also.  One  of  these  is 
the  difficulty  in  keeping  the  tube  and  connections  air-tight  for  more  than  a  few 
days.  In  accordance  with  a  general  rule,  applicable  to  all  foreign  bodies,  in  the 
presence  of  suppuration  there  is  a  tendency  for  the  tube  to  become  loosened. 
Muller35  and  others  have  had  the  same  difficulty.  As  soon  as  the  tube  becomes 
loosened  a  little  pus  begins  to  collect  around  it;  and  if  rubber  dam  or  some 
similar  material  has  been  used  to  seal  over  the  wound,  the  pus  spreads  around 
under  it  and  excoriates  the  skin. 

The  question  of  the  advantage  of  early  open  drainage  was  put  to  experi¬ 
mental  test  in  a  series  of  20  dogs  in  which  empyema  was  produced.  After 
several  preliminary  failures  to  produce  an  empyema  by  the  intrapleural  injec¬ 
tion  of  from  10  to  15  c.  c.  of  pure  broth  cultures  of  a  virulent  strain  of  hemolytic 
streptococci,  a  successful  result  was  finally  accomplished  by  injecting,  into  the 
pleural  cavity  of  a  6-kilo  dog  30  c.  c.  of  a  broth  culture  of  the  same  strain  which 
was  highly  virulent  for  mice.  The  dog  died  in  about  12  hours  after  the  injec¬ 
tion,  and  at  autopsy  the  left  pleural  cavity  (the  injected  side)  was  found  to 
contain  about  200  c.  c.  of  slightly  blood-stained,  serofibrinous  fluid  which 
contained  myriads  of  streptococci  and  a  few  necrotic  leucocytes.  This  exudate 
resembled  in  every  respect  the  exudate  obtained  from  the  early  human  cases 
of  streptococcus  empyema  at  Camp  Lee.  Subsequently,  this  exudate  was  used 
successfully  in  doses  of  from  1  to  5  c.  c.  for  the  production  of  empyema  in  the 
series  of  20  dogs.  In  10  of  the  20  dogs  intercostal  pleural  drainage  with  cocaine 
(0.5  per  cent)  anesthesia  was  established  within  from  4  to  24  hours  after  the 
injection. 

To  the  other  10  dogs  which  served  as  controls  nothing  was  done.  The 
operations  were  all  carried  out  under  strictly  aseptic  precautions  and  sterile 
dressings  were  later  applied.  A  stiff  rubber  drainage  tube  with  a  one-quarter 
inch  (6  mm.)  lumen  was  used  for  each  dog  and  the  tube  was  stitched  to  the  skin 
in  order  to  hold  it  in  place.  The  point  selected  for  the  drainage  in  each  case 
was  the  sixth  interspace  in  the  anterior  axillary  line,  since  this  seemed  to  be 
the  most  dependent  portion  of  the  thorax  with  the  dog  in  the  natural  position. 
Each  of  16  of  the  dogs  received  2  c.  c.  of  the  exudate,  two  each  received  3  c.  c. 
and  two  each  received  1  c.  c.  All  the  injections  were  made  in  the  left  pleural 
cavity.  The  dogs  were  paired  as  carefully  as  posssible  according  to  weights, 
so  that  each  dog  operated  upon  had  a  control  which  was  not  only  of  approxi¬ 
mately  the  same  weight  but  which  also  had  been  injected  with  the  same  amount 
of  pleural  exudate.  In  general,  out  of  each  pair,  the  dog  which  seemed  the 
stronger,  and  the  better  operative  risk,  was  selected  for  the  operation  in  order 
to  give  the  operation  every  possible  chance,  since  many  of  the  dogs  were  poorly 
nourished  and  were  victims  of  mange.  In  spite  of  all  this,  however,  of  the  10 
operated  dogs  all  but  1  died  (a  mortality  of  90  per  cent),  and  of  the  unoperated 
dogs  only  7  died  (a  mortality  of  70  per  cent).  Of  the  series  of  unoperated  dogs 
one  fatality  was  also  in  a  dog  which  on  the  fourth  day,  while  apparently  well, 
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was  badly  injured  in  a  fight  with  another  dog,  and  received  extensive  lacerations 
in  the  neck,  the  back,  and  the  hind  legs.  Death  occurred  two  days  later,  and 
at  autopsy  the  pleural  cavity  contained  no  exudate  and  appeared  normal. 
It  seems  probable  that  it  would  not  have  died  if  it  had  not  been  for  the  wounds 
received  in  the  fight. 

It  was  a  striking  fact  that,  of  every  pair  of  dogs  which  died,  the  one  which 
had  been  drained  died  from  one  to  two  days  before  its  control,  with  two  excep¬ 
tions  in  which  both  the  operated  and  the  control  dogs  died  at  about  the  same 
time.  It  never  happened  that,  of  a  pair,  the  unoperated  dog  died  before  the 
operated  one.  The  only  dog  of  the  operated  series  which  survived  pulled  its 
dressings  off  and  pulled  out  the  tube  on  the  next  day  after  the  operation. 
When  seen  shortly  afterwards  (within  three  hours  after  the  dressings  had  been 
pulled  off)  the  pleurel  opening  had  already  closed  so  that  the  dog  no  longer 
had  an  open  pneumothorax.  This  was  the  only  dog  which  disturbed  his  dress¬ 
ings.  As  a  rule,  death  occurred  in  the  operated  dogs  from  48  to  72  hours  after 
the  operation  and  in  the  control  series  from  the  fourth  to  the  fifth  day.  Of 
one  pair,  each  of  which  had  been  injected  with  2  c.  c.  of  the  pleural  exudate, 
both  the  control  and  the  operated  dog  died  after  about  24  hours  following  the 
injection.  The  operated  dog  in  this  case  had  been  drained  four  hours  after 
receiving  the  injection.  The  operated  dogs,  as  a  rule,  not  only  died  more 
quickly  than  their  controls,  but  from  the  tune  that  the  pleural  opening  was  made 
they  all  seemed  more  seriously  sick  than  the  unoperated  dogs.  They  would 
lie  quietly  curled  up,  refusing  food  and  resenting  disturbance.  The  unoperated 
dogs  were  much  more  active.  Immediately  after  operation  each  dog  was 
placed  in  a  cage  by  himself,  was  furnished  with  an  abundance  of  water  and 
food,  and  the  cage  was  kept  clean.  In  almost  every  instance  the  dressings  were 
changed  daily,  dry  sterile  dressings  being  substituted  for  the  soiled  ones,  with 
rigid  aseptic  precautions,  even  to  the  extent  of  wearing  sterile  gowns  and  sterile 
rubber  gloves  during  the  procedure.  Each  of  the  operated  dogs  had  a  profuse 
drainage  of  thin  serofibrinuous  discharge,  sometimes  slightly  bloodstained, 
which  microscopically  showed  innumerable  streptococci  and  only  a  few  leuco¬ 
cytes  which  were  usually  necrotic. 

Each  dog  that  died  was  examined  at  autopsy  within  a  few  hours  after 
death.  All  of  the  operated  dogs  had  been  drained  well,  as  shown  by  the 
absence  of  appreciable  amounts  of  exudate  in  the  pleural  cavity.  In  practi¬ 
cally  every  instance  there  was  an  extensive  deposit  of  fibrin  on  the  pleura, 
and  there  were  many  recent  adhesions.  In  general,  there  were  more  adhe¬ 
sions  in  the  dogs  that  had  been  drained  than  in  the  controls.  Two  dogs  showed, 
in  additon  to  a  left  pleuritis,  involvement  of  the  pericardium  and  the  other 
pleura  also.  It  was  interesting  to  note  that  the  pericardial  fluid  contained  a 
noticeably  smaller  amount  of  organisms  than  the  left  pleural  cavity  and  that 
the  right  pleural  exudate  contained  even  fewer.  In  other  words,  it  appeared 
as  if  the  infection  had  passed  right  through  the  pericardium  and  mediastinum 
from  the  inoculated  left  side.  Of  these  two  dogs,  one  had  been  and  the  other 
had  not  been  drained.  Three  of  the  dogs  that  had  been  operated  upon 
showed  at  autopsy  pockets  of  pus  behind  the  upper  part  of  the  sternum,  which 
resembled  very  much  those  which  had  been  described  frequently  in  the  human 
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cases.  This  condition  was  never  observed  in  any  of  the  dogs  which  were 
not  drained. 

The  fact  that  in  this  series  there  was  a  slightly  higher  mortality  in  the 
dogs  that  had  had  early  drainage  than  in  a  control  series  of  the  same  number 
which  received  no  treatment  of  any  kind  seems  to  indicate  very  strongly  that, 
under  the  conditions  of  the  experiment,  early  drainage  at  least  is  of  no  benefit 
to  the  animal,  and,  if  anything,  it  is  rather  a  source  of  harm.  Presumably 
the  harm  is  produced  by  the  open  pneumothorax,  with  the  train  of  resulting 
effects  which  have  been  discussed  earlier  in  this  chapter.  Any  comparison, 
furthermore,  with  the  condition  of  streptococcus  empyema  in  man  must  carry 
with  it  the  important  consideration  that,  theoretically,  this  experimental 
empyema  in  dogs  does  not  begin  to  contraindicate  the  early  establishment  of  an 
open  pneumothorax  to  the  same  extent  as  the  human  condition  for  the  reason 
that  the  dogs  do  not  have  the  associated  pneumonia  which  seems  to  have 
been  universally  present  in  the  human  cases  and  which  necessarily  lowers  the 
threshold  of  safety  for  the  establishment  of  an  open  pneumothorax. 

EARLY  STERILIZATION  AND  OBLITERATION  OF  THE  CAVITY. 

The  avoidance  of  an  open  pneumothorax  during  the  pneumonic  stage  of 
an  empyema  will  unquestionably  result  in  a  lower  mortality.  But  a  reduction 
in  the  mortality  is  not  the  only  consideration  in  the  treatment.  Another 
principle  of  cardinal  importance  is  the  prevention  of  a  chronic  empyema.  To 
accomplish  this,  it  is  necessary  both  to  sterilize  and  to  obliterate  the  cavity. 
Unless  both  of  these  conditions  are  fulfilled,  permanent  healing  does  not  take 
place.  There  has  been  too  much  of  a  tendency  among  recent  writers  to  con¬ 
sider  as  healed  those  cases  in  which  the  sinuses  are  closed  and  in  which  for  the 
time  being  there  is  an  absence  of  fever.  It  is  impossible  to  be  certain  that  an 
empyema  has  really  healed  until  several  months  have  elapsed  without  a 
recurrence. 

Sterilization,  when  it  really  occurs,  is  actually  accomplished  by  natural 
forces  from  within  the  body.  Antiseptics  will  not  sterilize  living  tissues,  es¬ 
pecially  those  antiseptics  which  are  applied  to  the  surfaces  of  infected  tissues. 
Adequate  drainage  is  by  far  the  most  effective  artificial  aid  to  natural  sterili¬ 
zation  which  can  be  supplied.  But  in  spite  of  apparently  adequate  drainage 
and  in  spite  of  irrigations  with  or  without  the  use  of  antiseptics  some  cases  of 
acute  empyema  become  chronic. 

The  failure  of  these  cavities  to  obliterate  themselves  has  been  due,  in  all 
probability,  chiefly  to  an  inability  on  the  part  of  the  lung  of  the  affected  side 
to  expand  sufficiently  to  fill  its  side  of  the  thorax.  This  inability  to  expand 
is  dependent  chiefly  on  the  following  factors:  Fibrosis  of  the  lung  as  a  result 
of  inflammation  and  the  thick,  inelastic  coat  of  exudate  which  covers  the 
exposed  surface  of  the  lung  and  limits  its  inflation.  This  thick  coat  of  exudate 
may  be  likened  to  a  tightly  fitting  corset  around  the  lung  which  obviously 
will  interfere  with  its  expansion,  although,  actually,  it  does  not  surround  the 
lung. 

Evidence  of  the  failure  of  the  lung  to  expand  properly  is  presented  at 
autopsies  on  cases  of  unhealed  empyema.  It  is  revealed  by  finding  that  the 
lung  on  the  affected  side  is  smaller  than  the  opposite  one,  and  that  the  exposed 
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surface  of  lung  is  coated  with  a  dense  layer  of  exudate  which  is  sometimes 
fibrinous  and  sometimes  organized  connective  tissue,  in  association  frequently 
with  a  lake  of  pus  contained  within  the  thorax.  The  inequality  in  the  size  of 
the  two  lungs  has  frequently  been  ascribed  to  the  collapse  of  the  lung  on  the 
opened  side  from  open  pneumothorax,  and  it  has  been  even  used  as  an  argu¬ 
ment  against  the  validity  of  the  conclusion  of  the  equilibrium  of  pressure 
throughout  the  thorax  as  developed  in  the  experimental  part  of  this  chapter. 
It  seems  more  probable,  however,  that  there  are  other  explanations.  In  the 
first  place,  widespread  necrosis  occurs  with  final  destruction  of  areas  of  lung 
substance.  As  this  necrotic  lung  tissue  is  removed  by  expectoration  and  by 
gradual  absorption  a  considerable  amount  of  fibrosis  must  occur  during  the 
healing  process,  which  must  necessarily  result  in  the  lung  being  smaller  than 
normal.  At  the  same  time  the  opposite  lung  may  undergo  hypertrophy, 
since  the  presence  of  long-standing  adhesions  and  inflammatory  induration 
have  immobilized  the  mediastinum  to  such  an  extent  that  the  healthy  lung  is 
no  longer  subjected  to  compression  by  slight  changes  of  pressure  in  the  affected 
pleural  cavity.  The  remaining  air-containing  portions  of  the  affected  lung, 
however,  are  not  able  to  undergo  hypertrophy  to  the  same  extent  as  they 
might  otherwise  do  because  of  the  thick  coat  of  organized  inelastic  exudate 
which  inhibits  an  adequate  inflation  of  this  lung. 

It  is  obvious,  therefore,  that  the  early  removal  of  this  membrane  is  highly 
desirable.  Because,  at  least  in  the  streptococcal  cases,  organization  of  this 
exudate  is  known  to  occur  early,  it  is  clear  that,  other  things  being  equal,  the 
longer  it  is  allowed  to  remain  on  the  lung  the  longer  it  will  take  to  obliterate 
the  cavity.  For  the  cavity  is  obliterated  only  when  the  lung  is  in  contact 
everywhere  with  the  parietal  pleura.  In  the  past,  recourse  has  been  had 
chiefly  to  mechanical  means  for  the  accomplishment  of  this  purpose,  as,  for 
example,  decorticating  operations  of  the  general  type  devised  by  Delorme.3 
Although  in  some  cases  these  mechanical  means  have  yielded  brilliant  results, 
on  the  whole  they  have  been  unsatisfactory.  They  have  been  associated  with 
a  high  mortality  and  frequently  they  have  not  cured  the  patient.  The  funda¬ 
mental  defect  in  the  rationale  of  such  procedures  is  that  attention  is  directed 
to  only  one  of  the  two  main  objects  of  the  treatment  of  empyema,  namely, 
only  to  the  obliteration  of  the  cavity.  It  is  fully  realized  that  nature’s  efforts 
at  sterilization  are  greatly  aided  by  the  obliteration  of  the  cavity,  but  the 
frequency  with  which  empyema  recurs  after  the  lung  has  apparently  expanded 
to  fill  up  the  pleural  cavity  is  evidence  of  the  desirability  of  more  active  efforts 
directed  toward  the  sterilization  of  the  cavity. 

In  neutral  0.5  per  cent  solution  of  sodium  hypochlorite  (Dakin’s  solution) 
we  have  an  agent  which,  on  theoretical  grounds,  should  be  nearly  ideal  as  an 
aid  to  drainage.  For  not  only  will  it  help  materially  to  sterilize  the  cavity 
but,  also,  by  its  solvent  action  on  the  exudate,  it  will  effect  decortication  and 
thereby  help  to  obliterate  the  cavity.  Clinical  experience,  based  on  thousands 
of  cases  in  Army  hospitals,  has  seemed  to  indicate  very  strongly  that  in  the 
overwhelming  majority  of  cases,  if  properly  used,  Dakin’s  solution  will  ac¬ 
complish  these  purposes.  Wilensky, 37  however,  has  questioned  the  superiority 
of  Dakin’s  solution  over  simple  irrigation. 

For  the  details  of  its  preparation  and  use  the  reader  is  referred  to  the 
book  by  Carrel  and  Dehellv,38  and  to  Chapter  IV  of  this  section.  The  use  of 
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Dakin’s  fluid  should  be  begun  immediately  after  the  operation.  The 
Carrel  tubes  which  project  outside  of  the  dressings  are  attached  to  a  bottle 
containing  the  solution,  and  the  proper  amount  is  allowed  to  run  in.  The 
custom  of  the  commission  was  to  give  at  first  just  a  little  less  than  the  amount  of 
exudate  removed  at  operation;  for  example,  if  250  c.  c.  of  pus  were  removed, 
about  200  c.  c.  of  Dakin’s  fluid  would  be  run  into  the  cavity  at  intervals 
of  about  every  two  hours  during  the  day  and  of  three  or  four  hours  during  the 
night.  The  outside  dressings  can  be  changed  as  often  as  they  become  satu¬ 
rated.  Once  a  day  all  the  dressings  are  removed  and  the  cavity  is  thoroughly 
flushed  with  the  solution.  Measurements  of  the  capacity  of  the  cavity  are 
also  made  at  the  daily  dressings,  and  as  the  cavity  diminishes  in  size  the 
amount  of  Dakin’s  solution  is  likewise  decreased.  It  is  believed  that  it  is 
essential  to  use  fresh  solution  which  is  not  more  than  two  days  old  and  to 
protect  the  skin  with  vaselined  gauze.  If  these  precautions  are  carried  out 
there  will  be  few  complaints  of  an  irritation  of  the  skin.  Cultures  should  be 
made  from  time  to  time,  preferably  at  intervals  of  three  or  four  days,  to  note 
the  progress  in  sterility.  In  a  favorable  case,  after  about  three  days  there 
will  be  no  more  pus  and  in  a  week  or  10  days  no  more  bacteria  will  be  found 
on  culture.  Usually,  however,  the  pus  has  not  disappeared  in  so  short  a  time, 
and  in  the  average  case  a  much  longer  time  is  necessary  for  the  elimination 
of  the  streptococci. 

The  cavity  may  not  be  obliterated,  however,  by  that  time.  Two  proce¬ 
dures  are  then  possible.  The  drainage  tract  may  be  closed  either  by  a  simple 
plastic  operation  or  by  allowing  it  to  close  spontaneously  after  removal  of  the 
tube;  or  the  irrigation  and  drainage  may  be  continued  until  the  cavity  has  ob¬ 
literated  itself,  diminishing  gradually  the  amount  of  solution  used.  The  first 
method  ignores  the  pneumothorax  cavity  in  the  belief  that  it  will  take  care  of 
itself  without  further  trouble.  This  method  gives  quick,  brilliant  results  in 
the  successful  cases  but  there  is  no  doubt  that  it  will  also  give  more  recurrences 
than  the  second  method.  Stewart,39  Mozingo,28  Moschcowitz,40  and  Heuer  41 
have  all  advocated  this  procedure.  It  seems  that  the  question  is  really  one  for 
the  patient  to  decide.  If  he  would  prefer  to  take  the  risk  of  a  recurrence  in 
order  to  save  perhaps  a  couple  of  weeks  of  time  the  method  would  be  justifiable. 
At  present  it  is  not  accurately  known  what  the  risk  is,  since  there  are  no  suitable 
statistics  available  showing  the  percentage  of  recovery.  Certainly,  the  cavity 
should  not  be  considered  as  sterile  until  at  least  two  or,  preferably  three,  suc¬ 
cessive  cultures  show  no  growth.  No  reliance  should  be  placed  merely  on 
smears. 

In  a  large  proportion  of  cases  (about  15  per  cent  of  the  streptococcal  cases) 
difficulty  in  irrigation  is  encountered  because  of  the  presence  of  a  communica¬ 
tion  with  the  lung,  a  pleuropulmonary  fistula,  which  permits  the  irrigating 
fluid  to  run  into  the  lung.  In  such  instances  violent  coughing  will  immediately 
follow  the  attempt  to  irrigate  and  the  patient  will  usually  complain  of  the 
taste  of  chlorine,  if  Dakin’s  solution  has  been  used.  The  great  majority  of  these 
cases  heal  spontaneously  in  a  few  days.  The  usual  procedure  of  the  commis¬ 
sion  in  handling  them  was  to  stop  all  irrigation  for  three  or  four  days  and  then 
to  try  again.  Usually  on  the  second  attempt  no  complaint  of  discomfort  will 
be  made.  Sometimes  by  changing  the  position  of  the  patient  slightly  it  will 
be  possible  to  irrigate  even  before  the  communication  with  the  lung  has  healed. 
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The  main  value  of  Dakin’s  solution  seems  to  be  the  fact  that  it  sterilizes 
and  obliterates  the  cavity  chiefly  through  its  power  of  dissolving  necrotic 
tissue.  Its  direct  antiseptic  value  is  of  minor  importance,  but  yet  it  tends  to 
prevent  secondary  infection.  It  is  impossible  to  avoid  the  sucking  of  organisms 
into  the  wound,  no  matter  with  what  care  the  dressings  are  done;  and  in  the 
past  patients  with  empyema  have  usually  been  infected  with  secondary 
organisms  of  all  kinds  so  that  the  odor  of  a  group  of  them  in  a  single  ward  was 
often  overpowering.  The  Dakin-Carrel  technique  certainly  minimizes  secon- 


Fig.  61. — Free  tissue  plugging  empyema  drainage  opening. 


dary  infection,  and  Army  experience  showed  that  it  was  possible  to  have  50  or 
more  of  these  patients  in  a  single  ward  without  any  disagreeable  odor  at  all. 

As  a  rule,  the  decorticating  effect  produced  by  Dakin’s  fluid  is  a  gradual 
process  which  is  accomplished  by  the  slow  solution  of  the  false  membrane  of 
fibrin  and  necrotic  tissue.  In  some  cases,  however,  this  membrane  is  removed 
suddenly  in  one  large  mass  or  in  several  smaller  pieces.  As  evidence  of  the 
decorticating  ability  of  Dakin’s  solution  an  epitome  of  a  striking  case  is  here 
presented. 

Pvt.  G.,  22  years  old,  was  wounded  in  the  arm  and  leg  in  October,  1918, 
in  the  Argonne.42  He  developed  a  pneumonia  on  the  left  side,  followed  by 
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empyema  in  November.  He  was  drained 
through  a  thoracotomy  incision.  When 
first  seen  by  Graham  on  June  2,  1919,  at 
United  States  Army  General  Hospital  No. 
28,  Fort  Sheridan,  Ill.,  he  had  a  small  open¬ 
ing  in  the  seventh  interspace  in  the  left 
posterior  axillary  line  which  was  draining  a 
considerable  amount  of  pus  containing  large 
numbers  of  hemolytic  streptococci.  Accord¬ 
ing  to  the  patient’s  own  account,  Dakin’s 
solution  had  been  used  on  him  occasionally  at 
some  of  the  various  hospitals  in  which  he 
had  been,  but  never  systematically.  He  was 
markedly  underweight,  had  a  septic  appear¬ 
ance,  and  had  an  afternoon  temperature 
which  ranged  from  101°  to  102°  F.  He  had 
entirely  recovered  from  the  wounds  of  the 
extremities.  A  measurement  of  the  empy- 
emic  cavity  showed  a  capacity  of  350  c.  c. 
and  the  patient  stated  that  a  measurement 
which  had  been  made  two  months  previously 
had  showed  the  same  capacity.  Under  local 
anesthesia  a  portion  of  the  seventh  rib  was 
resected,  and  immediately  after  the  oper¬ 
ation  instillations  of  200  c.  c.  of  Dakin’s 
solution  at  two-hour  intervals  were  begun 
with  provisions  for  adequate  free  drainage. 
On  the  sixth  day  a  large  piece  of  tissue  was 
found  plugging  the  drainage  opening.  Two 
days  after  the  expulsion  of  this  tissue  the 
empyemic  cavity  would  hold  only  35  c.  c.  of 
fluid  instead  of  350  c.  c.  and  no  growth  of 
bacteria  was  obtained  from  the  secretion. 
Ten  days  later  the  patient  was  entirely 
healed  and  examination  both  by  ordinary 
physical  means  and  with  the  X-ray  revealed 
no  cavity  remaining.  On  August  28  he  re¬ 
turned  from  a  month’s  furlough,  apparently 
entirely  well  and  having  gained  35  pounds 
in  weight.  Two  months  later  he  was  still 
entirely  well.  The  rapid  decortication  with 
later  sudden  expansion  of  the  lung  to  fill 
the  cavity  such  as  happened  in  this  case  is 
unusual,  but  yet  it  has  been  observed  several 
times. 

The  piece  of  tissue  was  irregular  in  out¬ 
do.  r,2.— Microscopic  ^section  ^of  tissue  iiius-  pne  anq  flap  Its  longest  diameter  measured 
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nearly  6  cm.  and  its  widest  diameter  about  5  cm.  It  was  nearly  0.5  cm.  in 
thickness.  It  was  yellowish- white  in  color,  smooth  except  for  folds  on  its  sur¬ 
face,  and  in  gross  appearance  it  closely  resembled  fibrin;  in  fact,  it  was  considered 
to  be  fibrin  until  microscopic  sections  were  made.  The  microscopic  examination, 
however,  showed  that  the  main  portion  consisted  of  necrotic,  organized  tissue. 
Except  for  a  narrow  strip  of  inflammatory  tissue,  which  evidently  indicated 
the  side  attached  to  the  lung,  the  whole  section  was  occupied  by  bands  of  wavy 
fibrils,  arranged  parallel  to  one  another,  with  here  and  there  the  faint  remaining 
outlines  of  what  apparently  had  been  blood  vessels.  The  entire  absence  of 
nuclei  except  in  the  inflammatory  zone  was  striking.  The  fibrils  were  readily 
stained  by  Van  Giesoifs  stain  for  connective  tissue,  but  they  were  not  stained 
by  Weigert’s  method  for  fibrin.  Undoubtedly,  therefore,  the  tissue  was  chiefly 
fibrous  connective  tissue  which  had  become  necrotic  and  was  not  unorganized 
fibrin.  Throughout  the  inflammatory  zone,  and  occasionally  in  the  area  just 
beyond,  were  seen  irregular  clumps  of  organisms.  Many  of  these  could  be 
clearly  distinguished  as  streptococci  and  they  were  Gram-positive. 

Despite  the  advantages  of  irrigation  which  have  been  discussed  above 
certain  dangers  are  associated  with  it  other  than  those  due  merely  to  a  communi¬ 
cation  with  the  lung.  Bleeding  occurs  sometimes,  although  it  is  usually  only 
slight  in  amount.  It  is  indeed  rare  that  an  alarming  hemorrhage  results  from 
irrigation,  although  cases  have  been  reported  in  which  large  amounts  of  blood 
have  been  lost.  Usually,  in  cases  of  bleeding,  if  the  irrigation  is  stopped  for  a 
day  or  two  it  may  be  resumed  without  further  trouble.  Attacks  of  syncope, 
which  in  a  few  instances  have  been  fatal,  have  been  reported.  These  have 
sometimes  accompanied  paracentesis  or  thoracotomy;  and  sometimes  merely 
an  irrigation  has  seemed  to  produce  them.  Wilson  Fox,43  in  1891,  collected  17 
cases  of  sudden  death  which  he  felt  were  due  to  some  one  of  these  procedures. 
Hippocrates  is  said  to  have  observed  the  danger  of  fatal  syncope  in  aspiration 
if  the  fluid  were  too  suddenly  removed.  Some  of  these  serious  complications  are 
doubtless  due  to  cerebral  embolism  (Gee  and  Horder),44  others  are  probably 
concerned  with  the  pleural  reflexes  studied  by  Capps  and  Lewis.24  In  Graham’s 
experience  with  about  400  cases  of  empyema  treated  by  irrigations  there  were 
no  attacks  of  syncope  in  association  with  irrigations  of  the  pleural  cavity.3 
Gn  one  occasion,  while  undergoing  a  rib  resection  under  local  anesthesia  for 
empyema,  a  patient  had  two  severe  general  convulsions  on  the  operating 
table,  became  comatose,  and  died  about  36  hours  afterwards.  At  autopsy  a 
diffuse  streptococcal  meningitis  was  found.  On  another  occasion  a  patient 
under  the  care  of  a  colleague  died  suddenly  with  an  acute  dilatation  of  the 
heart  about  five  minutes  after  being  at  stool.  It  is  well  to  bear  these  dangers 
in  mind,  but  they  are  of  such  rare  occurrence  that  they  should  not  deter  one 
from  obtaining  the  advantages  which  irrigations  offer.  In  this  connection  a 
study  made  by  Stevens  45  on  recurrence  in  empyema  is  important.  Of  56  cases 
healed  under  simple  drainage  without  irrigations,  there  were  14  recurrences,  or 
25  per  cent;  of  67  cases  healed  under  the  Dakin-Carrel  treatment  with  drainage, 
there  were  8  recurrences,  or  only  12  per  cent. 

CHRONIC  EMPYEMA. 

Chronic  empyema  may  be  found  either  as  a  previously  unrecognized 
accumulation  of  pus  in  the  chest,  or  in  a  case  presenting  a  discharging  sinus. 
It  is  remarkable  that  often  a  patient  will  go  for  a  year  or  more  with  a  very  large 
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accumulation  of  pus  within  the  chest,  frequently  containing  large  numbers  of 
hemolytic  streptococci,  without  sufficient  local  or  general  disturbance  to  make 
medical  consultation  seem  necessary.  The  only  symptoms  complained  of  may 
be  a  cough,  pain  in  the  side,  or  loss  of  strength.  On  examination,  however,  in 
addition  to  the  local  evidence  of  fluid  in  the  chest,  there  will  also  be  found 
more  or  less  emaciation,  which  may  be  extreme,  fever  of  about  101°  F.  in  the 
afternoons,  leucocytosis,  and  often  some  degree  of  scoliosis.  A  Roentgen-ray 
examination  and  an  exploratory  aspiration  will  furnish  the  additional  evi¬ 
dence,  if  this  be  necessary,  for  the  diagnosis. 

Discharging  sinuses  are  of  several  different  types.  There  are  those  which 
merely  lead  into  relatively  large  cavities,  those  which  communicate  with  the 
lung  or  with  a  bronchus  but  do  not  lead  into  a  large  cavity,  combinations  of  the 
two,  and  sinuses  which  lead  only  down  to  the  pleura  or  to  a  rib. 

The  most  important  causes  of  persistent  sinuses  are  inadequate  drainage, 
presence  of  foreign  bodies,  communications  with  the  lung,  cavities  that  can  not 
be  obliterated  spontaneously,  and  tuberculosis  or  similar  infections.  In  an 
experience  with  138  cases  of  chronic  empyema  at  Fort  Sheridan  in  the  spring 
and  summer  of  1919,  by  far  the  most  common  cause  was  found  to  be  insufficient 
drainage  of  the  empyemic  cavity.  It  was  apparent  that  one  of  the  surest  ways 
by  which  to  turn  an  acute  empyema  into  a  chronic  one  is  the  failure  to  provide 
proper  drainage.  The  various  methods  of  closed  drainage  through  small  tubes 
and  catheters  have  unquestionably  saved  lives  during  the  acute  pneumonic 
stage,  but  in  many  instances  they  have  also  been  responsible  for  the  transition 
of  an  acute  empyema,  which  should  have  healed,  into  a  chronic,  unhealed  one. 
It  was  appalling  to  find  case  after  case  which  had  been  treated  for  10  or  12 
months  supposedly  by  drainage,  but  in  which  the  only  provision  for  drainage 
was  a  tiny  tube  (often  a  Carrel  tube)  projecting  from  an  opening  no  larger  than 
itself,  which  led  into  a  cavity  containing  300  or  400  c.  c.  of  pus,  and  even  this 
tube  often  was  tied  into  a  knot  to  prevent  the  admission  of  air.  Moreover,  so 
much  faith  had  been  placed  in  suction  that  in  very  many  cases  apparently 
no  attempt  had  been  made  even  to  make  the  drainage  opening  at  a  dependent 
part  of  the  cavity.  These  are  the  great  dangers  from  the  unintelligent  use  of 
the  various  closed  methods.  The  treatment  of  empyema  is  still  surgical,  and  its 
proper  handling  requires  the  judgment  of  an  experienced  surgeon.  It  can  not 
be  turned  over  safely  to  an  inexperienced  person.  Mozingo  states  as  one  of  the 
advantages  of  this  method  of  treatment:  “The  postoperative  treatment  in 
greater  part  may  be  done  by  a  nurse  or  a  properly  instructed  member  of  the 
family’7.28  Doubtless,  what  he  means  is  that  most  of  the  irrigations  can  be 
done  by  some  one  with  ordinary  intelligence,  but  there  exists  among  general 
practitioners  too  much  of  a  feeling  that  a  method  like  that  of  Mozingo ’s  has 
made  the  treatment  of  the  condition  practically  automatic. 

Foreign  bodies  constitute  another  important  cause  of  persistent  sinuses. 
Of  these,  the  principal  are  sequestra  of  ribs,  pieces  of  various  kinds  of 
drainage  material,  notably  tubes  and  gauze,  and,  in  gunshot  cases,  such  things  as 
shell  fragments.  Communications  with  the  lung  which  may  exist  in  association 
with  persistent  sinuses  are  of  various  kinds.  One  of  these  is  the  pleuropul- 
monary  fistula.  This  is  the  most  common  type.  It  is  due  probably  to  the 
rupture  of  a  small  subpleural  pulmonary  abscess  into  the  pleural  space.  The 
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communication  with  the  lung  may  persist  for  a  long  time.  Usually ,  however, 
it  heals  spontaneously.  Another  communication  is  the  bronchial  fistula. 
Here,  the  communication  exists  with  a  large  bronchus.  This  type  is  less  likely 
to  heal  spontaneously,  and  the  fistula  frequently  becomes  lined  with  epithelium. 
It  may  be  so  large  that  the  patient  may  be  able  to  breathe  comfortably  through 
it.  Both  of  these  types  may  communicate  only  with  the  main  cavity,  or,  as 
often  happens  in  the  case  of  a  bronchial  fistula,  the  fistula  may  communicate 
directly  with  the  outside,  and  no  other  cavity  may  exist.  Fistula  which 
communicate  with  the  lung  frequently  lead  into  abscesses  or  into  areas  of 
bronchiectasis.  Some  sinuses  merely  lead  down  to  a  rib  or  cartilage  which  is 
the  site  of  a  chronic  infection  without  the  presence  of  definitely  demonstrable 
sequestra. 

Cavities  that  can  not  be  obliterated  spontaneously  are  in  most  instances  due 
to  improper  management  earlier  in  the  course  of  the  disease.  They  are  usually 
found  either  in  cases  in  which  a  free  open  drainage  was  instituted  at  too  early 
a  period  or  in  cases  in  which  adequate  drainage  has  never  been  provided.  In 
the  work  of  the  Empyema  Commission  it  was  found  that  most  of  the  largest 
cavities  and  those  which  gave  the  most  difficulty  in  obliterating  were  in  the  cases 
in  which  evidently  an  open  drainage  operation  had  been  performed  in  the 
pneumonic  stage.  At  Fort  Sheridan,  in  1919,  it  was  found  that  the  cavities 
which  were  the  most  difficult  to  obliterate  without  a  plastic  operation  were  in 
empyema  cases  which  had  existed  for  a  year  or  more  with  very  inadequate 
drainage.  The  principal  causes  are  that,  due  to  the  persistence  of  the  infection, 
the  exudate  on  the  lung  becomes  organized  into  fibrous  tissue  which  thereby 
limits  its  expansion,  and  the  fact  that  the  lung  itself  undergoes  fibrosis  and 
contraction.  At  the  same  time  the  increased  rigidity  of  the  mediastinum  tends 
to  prevent  the  crowding  over  of  the  other  lung  and  mediastinal  structures  into 
the  diseased  side,  so  that  the  cavity  persists. 

It  is  well  known  that  pleurisy  due  to  tuberculosis  and  other  similar  types  of 
infection,  such  as  actinomycosis,  does  not  heal  readily.  Sinuses  in  such  cases 
tend  to  persist.  Of  the  138  cases  of  chronic  empyema  at  Fort  Sheridan,  13 
(10  per  cent)  were  proven  to  be  tuberculous.46 

Every  patient  with  a  chronic  empyema  should  be  examined  carefully  with 
reference  to  the  nature  of  the  infection,  the  size  and  contour  of  the  cavity  and 
the  presence  of  foreign  bodies. 

Cultures  should  be  made  from  the  secretion  obtained  from  well  within  the 
cavity  and  not  merely  from  the  sinus.  Other  methods,  of  course,  should  be 
used  for  determining  the  presence  of  a  tuberculous  or  similar  infection,  such  as 
the  microscopic  examination  of  a  piece  of  the  wall  of  the  sinus,  and  the  examina¬ 
tion  of  the  sputum  for  the  organisms. 

Many  variations  exist  in  the  nature  of  the  cavities  found.  Some  are  large, 
occupying  practically  the  entire  half  of  the  thorax;  others  may  have  a  capacity 
of  only  a  few  cubic  centimeters.  Some  cavities  are  unilocular  but  perhaps  in 
the  majority  of  cases  of  chronic  empyema  they  are  multilocular.  The  presence 
of  adhesions  causes  constrictions  in  various  places,  in  what  may  have  originally 
been  a  single  large  cavity,  with  the  result  that  all  sorts  of  irregularities  in  shapes 
may  occur.  It  is  this  irregularity  in  the  shape  of  the  cavity  that  is  very  often 
responsible  for  the  chronicity  of  the  case,  because  proper  drainage  has  been 
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impossible  under  existing  conditions.  Especially  is  this  the  case  in  hour-glass 
constrictions. 

It  is  very  important,  therefore,  that  as  nearly  as  possible  an  exact  diagonsis 
should  be  made  of  the  size  and  contour  of  the  cavity  with  which  one  has  to  deal. 
There  are  several  methods  available  which  are  of  great  help.  Instrumental 
exploration  with  a  long  flexible  probe,  such  as  a  uterine  sound,  or  with  a  pair 
of  long  curved  dressing  forceps  will  provide  much  information.  The  most 
valuable  method  of  studying  these  cavities,  however,  is  by  means  of  the  Roentgen 
ray.  Tuffier  47  has  used  to  his  satisfaction  a  modified  cystoscope  which  he 
inserts  into  the  chest  cavity  and  in  that  way  gets  a  direct  vision  of  the  conditions 
present.  Such  a  procedure  is  very  helpful.  It  will  often  happen,  however, 
that  in  order  to  obtain  the  necessary  knowledge  of  what  the  conditions  actually 
are,  an  operation  will  be  required.  Even  sequestra  from  a  rib  will  often  fail  to 
show  in  the  Roentgen-ray  plate  because  of  the  obscurity  caused  by  a  greatly 
thickened  pleura. 

TREATMENT  OF  CHRONIC  EMPYEMA. 

The  kind  of  treatment  recommended  will  vary  greatly  according  to  the 
particular  case.  The  main  indications  are  to  provide  adequate  drainage,  remove 
foreign  bodies,  accomplish  sterilization,  and  then  to  supplement  these,  if  neces¬ 
sary,  with  operative  procedures  to  hasten  the  obliteration  of  the  cavity. 
General  hygienic  measures  are  also  very  valuable. 

It  is  well  to  begin  the  treatment  of  the  ordinary  case  of  chronic  empyema 
rather  conservatively;  for  it  is  often  amazing  to  see  how  much  can  be  accom¬ 
plished  merely  by  establishing  adequate  drainage  and  promoting  sterilization 
of  the  cavity.  The  old  sinus,  therefore,  should  be  enlarged  to  whatever  degree 
may  be  necessary  in  order  to  secure  a  proper  inspection  and  examination  of  the 
old  tract  and  the  cavity.  This  will  almost  always  require  the  resection  of  a 
portion  of  one  or  more  ribs.  The  ribs  over  the  old  sinus  may  be  found  fused 
together  or  in  regenerating  they  may  have  assumed  various  bizarre  shapes. 
It  is  not  uncommon  for  the  sinus  tract  to  be  surrounded  by  a  ring  of  newly 
formed  bone.  Having  explored  the  old  tract  and  the  cavity  for  foreign  bodies, 
the  object  then  should  be  to  secure  satisfactory  drainage.  To  accomplish  this 
it  may  be  necessary  to  convert  a  multilocular  cavity  into  one  which  is  unilocular. 
This  may  require  the  separation  of  adhesions  at  various  points  and  perhaps  a 
considerable  amount  of  greatly  thickened  pleura  can  be  removed  safely  at  this 
time.  If  the  opening  already  made  is  not  in  a  position  which  will  drain  the 
dependent  portion  of  the  cavity,  either  it  should  be  extended  downward  or 
a  new  opening  should  be  made.  It  can  not  be  too  strongly  emphasized  that  free 
drainage  is  the  most  important  indication  of  all  in  the  treatment  of  these  cases. 
In  the  ordinary  case  drainage  should  be  provided  at  first.  No  sutures  should  be 
put  into  the  wound  but  several  Carrel  tubes  should  be  placed  in  advantageous 
locations,  leaving  one  or  two  drainage  tubes  of  large  caliber  in  the  wound  to 
prevent  too  rapid  closure.  There  is  no  fear  of  serious  danger  from  pneumo¬ 
thorax  in  this  type  of  case  because  the  presence  of  adhesions  and  inflammatory 
thickening  have  stabilized  the  mediastinum.  Irrigations  with  Dakin’s  solution 
are  begun  at  once. 
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It  was  a  frequent  observation  of  the  members  of  the  Empyema  Commission 
that  often  very  large  cavities  which  had  remained  practically  stationary  for 
months  would  become  rapidly  obliterated  as  soon  as  sterilization  was  accom¬ 
plished  by  combining  satisfactory  drainage  and  irrigations  with  Dakin’s  solu¬ 
tion.  Hedblom48  has  presented  an  interesting  table  which  shows  the  reduction 
in  size  of  the  cavities  in  51  cases  of  chronic  empyema  (all  existing  over  three 
months)  accomplished  by  a  combination  of  free  drainage  and  irrigations  with 
Dakin’s  solution. 


Cases. 


Capacity  of  cavity. 


11 

16 

15 

5 

4 


Less  than  100  c.  c 

100  to  250  c.  c _ 

250  to  500  c.  c.... 
500 to  1,000  c.  c... 
1,000  to  2,000  c.  c. 


Average 
number 
of  days 
of  treat¬ 
ment. 

Capacity 
of  cavity 
at  end* 
of  treat¬ 
ment. 

Average 
percent¬ 
age  de¬ 
crease  in 
capacity 
of  cavity. 

35.9 

c.  c. 

10 

90.0 

34.  1 

11-  27.5 

89.0 

56.  4 

11-  22 

95.6 

45.  2 

11-  22 

97.8 

32.0 

80-160 

92.0 

Cases. 


Complete  recovery .  34 

Sinus  at  last  report .  6 

Yo  late  report .  6 

Convalescence  not  completed .  4 

Yo  benefit  (tuberculosis) .  1 


51 

The  advantages  of  a  plan  of  procedure  such  as  outlined  above  are  not  only 
that  many  cases  may  be  healed  in  this  way  with  a  minimum  of  risk  and  of 
deformity,  but  also,  if  a  more  severe  plastic  operation  becomes  necessary  later, 
it  can  be  done  in  a  relatively  clean  field. 

As  already  indicated,  however,  there  are  some  cases  which  can  not  be 
healed  by  this  comparatively  simple  procedure.  For  such  cases  a  more  elabo¬ 
rate  operation  will  be  required.  Operations  for  this  purpose,  of  which  many 
have  been  devised,  have  been  developed  from  two  different  basic  ideas.  One 
of  these  was  that  in  order  to  obliterate  the  cavity  the  rigid  chest  wall  should  be 
made  nonrigid  in  order  to  fall  down  upon  the  nonexpanding  lung,  and  the  other 
was  to  free  the  lung  from  its  inelastic  coat  of  fibrin  and  fibrous  tissue  in  order  to 
permit  it  to  expand  to  meet  the  chest  wall.  The  former  was  illustrated  par¬ 
ticularly  in  the  operations  devised  by  Estlander 49  and  by  Schede.50  Estlander’s 
operation  consisted  in  the  multiple  resection  of  ribs;  and  Schede  added  to  this 
the  resection  of  the  thickened  parietal  pleura.  For  details,  reference  may  be 
made  to  the  original  articles  or  to  any  textbook  on  operative  surgery.  The 
other  type  of  operation  was  originally  suggested  by  Fowler51  and  almost  simul¬ 
taneously  by  Delorme.52  It  carried  out  the  procedure  now  generally  known 
as  decortication,  by  which  was  meant  the  stripping  off  from  the  lung  of  the 
fibrous  tissue  which  prevents  its  expansion. 

There  are  many  objections  to  operations  of  this  type.  In  the  first  place 
they  all  carry  with  them  a  high  mortality  and  a  low  percentage  of  complete 
cures,  so  that  a  patient  has  very  little  assurance  of  a  complete  relief  from  his 
45267°— 24 - 21 
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trouble  even  if  he  undergoes  the  serious  risk  entailed  by  the  operation.  This 
is  well  borne  out  in  the  following  statistics  of  Tuffier:°3 


Operation. 

Mortality, 
per  cent. 

Cure, 
per  cent. 

Percentage 
of  cases 
requiring 
another 
operation. 

Percentage 
of  cases 
not 

followed. 

18 

50 

32 

28 

50 

22 

15 

48 

37 

Extensive  decortication  is  usually  accompanied  by  a  large  amount  of 
hemorrhage.  In  many  cases  it  is  impossible  to  accomplish  an  extensive  decor¬ 
tication  because  the  fibrous  tissue  on  the  surface  of  the  lung  is  only  part  of  a 
more  general  fibrosis  of  the  whole  lung  and  projections  of  scar  tissue  extend 
from  the  surface  deep  into  the  substance  of  the  lung. 

The  operations  of  the  type  of  Estlander  and  Schede  leave  a  very  bad 
deformity  which  is  not  only  anatomical  but  physiological  as  well. 

Various  modifications  of  these  thoracoplastic  operations  have  been  sug¬ 
gested,  some  of  which  will  be  mentioned  briefly.  Souligoux,54  recognizing  the 
difficulties  of  decortication,  advocates  the  separation  of  the  adhesions  at  the 
periphery  of  the  cavity.  This  mobilization  of  the  lung  allows  those  parts  of 
it  which  are  still  capable  of  inflation  to  expand  sufficiently  to  fill  a  cavity  which 
otherwise  it  could  not  do.  He  combines  with  this  procedure  a  modified  Schede 
operation.  Ransohoff  advocates  gridiron  incisions  in  the  pleura  over  the  lung 
with  the  idea  of  allowing  it  to  expand.55  Robinson  has  practiced  the  trans¬ 
plantation  of  flaps  of  muscle,  particularly  the  latissimus  dorsi,  in  order  to  fill 
up  a  cavity  with  living  tissue  which  will  provide  granulations.56  Tuffier  and 
Depage  advocate  closure  of  the  pneumothorax  cavity  after  cultures  have 
shown  streptococci  to  be  absent  and  after  the  pleura  has  been  shown  not  to 
secrete  when  dressed  only  with  sterile  gauze  without  the  further  use  of  Dakin's 
solution.47  In  other  cases  they  perform  various  combinations  of  decortication 
and  mobilization  of  the  lung.  Heuer  also  has  closed  some  chronic  empyemic 
cavities  after  sterilization,  disregarding  the  pneumothorax.41  Beck  has  trans¬ 
planted  flaps  of  skin  into  the  cavity.57  Lambotte,  in  1911,  had  enthusiastically 
advocated  the  same  procedure  in  intractable  empyemic  cavities.58 

The  treatment  of  fistulas  which  communicate  with  the  lung  deserves 
mention.  It  has  been  stated  elsewhere  that  the  small  pleuropulmonary  fistulae 
which  occur  commonly  in  acute  empyema  usually  heal  spontaneously.  Some¬ 
times,  however,  fistulae  of  this  sort  persist.  They  then  probably  connect 
with  a  small  bronchus.  It  is  common  to  find  small  areas  of  bronchiectasis  in 
the  portion  of  lung  into  which  some  of  these  fistulae  lead.  In  such  cases  the 
fistulae  really  act  as  safety  valves  discharging  purulent  material  from  the 
diseased  portion  of  lung.  They  commonly  attain  the  size  of  2,  3  or  more  milli¬ 
meters  in  diameter  and  they  are  often  very  long  and  tortuous.  The  external 
opening  may  be  at  a  distance  of  6  inches  or  more  from  the  connection  with 
the  lung.  These  fistulae  pursue  an  almost  typical  clinical  course.  Spon¬ 
taneous  closure  frequently  occurs  and  continues  for  a  few  days,  or  perhaps  a 
couple  of  weeks  at  a  time,  during  which  time  the  patient  will  have  a  sense  of 
fulness  in  the  side,  will  show  some  fever,  and  will  often  cough  up  pus.  The 
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fistula  then  opens  again  spontaneously,  pus  drains  out,  and  the  patient  is 
relieved  of  symptoms.  There  may  be  no  empyemic  cavity  left  in  the  ordinary 
sense,  and  the  fistulous  tract  may  be  the  only  evidence  that  the  original  empyema 
has  not  healed.  After  experience  with  a  considerable  number  of  such  cases, 
it  appears  that  they  should  either  be  treated  radically  or  be  left  alone.  If  radical 
treatment  is  undertaken  the  fistulous  tract  should  be  dissected  up  and  a  partial 
resection  of  the  lung  should  be  made,  including  the  diseased  area.  It  is  not 
necessary  to  make  an  extensive  resection,  and  the  edges  of  the  lung  can  be 
sutured  together  again  with  catgut,  as  in  any  other  pulmonary  resection  which 
includes  only  a  portion  of  a  lobe.  Less  radical  measures  consist  in  excising 
the  sinus  down  to  the  lung,  cauterizing  the  pulmonary  opening  and  suturing 
it  across.  In  one  case  the  stump  of  the  sinus  was  buried  in  the  lung  and 
covered  over  with  healthy  lung  tissue  in  much  the  same  way  as  an  appendix 
stump  is  buried  in  the  cecum.  The  true  bronchial  fistula  usually  communicates 
with  one  of  the  main  bronchi  or  with  one  of  its  principal  branches.  It  may 
sometimes  be  almost  large  enough  to  insert  a  finger  into  it;  and  not  infrequently 
it  is  possible  for  a  patient  to  breathe  through  it  comfortably  with  his  nose  and 
mouth  occluded.  Recent  bronchial  fistulae,  even  of  large  size,  may  close 
spontaneously.  In  one  patient  upon  whom  a  lobectomy  was  performed  a 
bronchial  fistula,  which  was  large  enough  to  permit  respiration  through  it,  was 
present  for  six  weeks.  Three  weeks  later  it  was  entirely  closed,  and  it  stayed 
healed.  Those  which  persist  for  several  months,  however,  are  usually  per¬ 
manent  and  require  operative  correction.  The  most  satisfactory  results  are 
obtained  when  the  fistula  is  dissected  up  to  its  communication,  cut  off,  and  the 
opening  closed,  after  cauterization  of  the  epithelium.  Eggers59  has  written 
an  article  dealing  exclusively  with  this  subject  which  gives  some  good  points 
in  the  treatment  of  the  condition. 

Another  method  of  limited  value  in  the  treatment  of  chronic  empyema 
and  of  chronic  sinuses  in  the  chest  is  the  use  of  Beck’s  bismuth  paste.  On  the 
average  the  results  in  the  Army  were  very  unsatisfactory.  When  fistulae  are 
present  the  paste  is  very  likely  to  be  disseminated  through  the  affected  lung  and 
even  into  the  other  lung.  If  sequestra  or  other  foreign  bodies  are  present 
the  paste  will  serve  only  to  prevent  drainage  by  plugging  the  opening.  There 
is  always  also  the  danger  of  bismuth  poisoning. 

As  in  the  treatment  of  acute  empyema,  it  is  important  to  give  a  generous 
mixed  diet.  The  rapid  gain  in  weight  which  occurs  in  these  cases  after  estab¬ 
lishing  satisfactory  drainage  is  often  astounding;  it  is  common  to  have  a  gain 
of  as  much  as  30  or  40  pounds  in  the  first  month.  It  is  advisable  also  to  keep 
these  patients  out  in  the  open  air  continuously  if  possible.  Blowing  exercises 
are  helpful  as  in  acute  empyema. 

Another  procedure  which  was  found  to  be  of  value  in  these  cases  is  blood 
transfusion.  Conditions  in  the  Army  hospitals  afforded  a  very  unusual  oppor¬ 
tunity  of  obtaining  blood  from  those  who  had  just  recovered  from  the  same 
infection.  This  blood  probably  contained  enough  immune  antibodies  to  have 
very  superior  advantages  over  normal  blood.  One  patient,  transfused  by 
Moschcowitz  and  Stevens,  made  an  almost  miraculous  recovery.  At  the 
time  of  the  transfusion  he  had,  in  addition  to  a  very  large  cavity,  a  severe 
nephritis  and  a  heart  murmur.  It  seemed  hardly  possible  that  he  could  live, 
but  he  made  a  complete  recovery  with  obliteration  of  the  cavity. 
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CHAPTER  VIII. 


THE  SURGICAL  TREATMENT  OF  THE  REFRACTORY  EMPYEMA 

CAVITIES. 

When  the  crest  had  been  reached  in  the  treatment  of  strictly  postwar 
surgical  cases  and  the  number  of  these  cases  had  begun  to  wane,  the  Army 
found  itself  confronted  with  a  large  number  of  chronic  empyema  patients,  the 
residue  of  the  influenza  epidemic  of  1918  and  1919.  The  well-recognized 
measures  of  treatment,  though  applied  with  consummate  skill  and  untiring 
patience  by  the  ablest  surgeons  in  the  country,  went  unrequited  so  far  as 
this  particular  group  was  concerned.  It  was  necessary  to  discover  in 
these  apparently  contradictory  operative  procedures  and  end  results  the 
reason  or  reasons  for  failure.  This  accomplished,  it  would  then  be  possible 
to  modify  the  methods  previously  in  vogue  so  as  to  effect  a  cure  and,  at  the 
same  time,  if  necessary,  to  controvert  opposing  opinions.  All  the  patients 
in  question  were  poor  surgical  risks,  depleted  both  in  mind  and  body,  and 
any  attempt  at  surgical  repair  had  to  be  done  step  by  step,  but  never  until  the 
full  confidence  of  the  patient  had  been  gained. 

An  experience  before  the  World  W  ar  first  led  the  author  of  this  chapter  to 
believe  in  the  wisdom  of  the  "‘open”  type  of  operation  as  the  logical  method 
to  pursue.  At  that  time,  he  was  attempting  to  do  a  decortication  on  a  patient 
who  had  had  five  previous  operations  for  chronic  empyema,  when  the  hemor¬ 
rhage  encountered  became  so  profuse  that  it  was  necessary  to  clamp  the  bleed¬ 
ing  points,  leave  the  clamps  in  position  and  pack  the  remaining  cavity.  This, 
of  course,  was  before  the  introduction  of  Dakin  s  solution,  and  the  present 
method  of  its  use,  but  subsequently,  he  was  astonished  to  see  the  ease  with 
which  the  antiseptic  solution  could  be  applied  directly  to  every  recess  of  the 
cavity,  the  rapidity  with  which  the  cavity  became  clean,  and  the  promptness 
with  which  it  was  afterwards  obliterated.  That  the  obliteration  was  per¬ 
manently  successful  was  evidenced  by  the  fact  that  this  patient,  an  officer, 
remained  constantly  on  active  duty  from  the  time  in  question,  and  that  he 
served  in  France  throughout  the  strenuous  days  of  the  W orld  W ar .  It  seemed  but 
logical  that  these  conditions  should  be  simulated  in  the  treatment  of  the  postin¬ 
fluenzal  cases  of  chronic  empyema  if  the  hemolytic  streptococcus,  a  very  resis¬ 
tant  type  of  organism,  with  which  they  were  infected,  was  to  be  rendered  inert. 

When  the  majority  of  the  Army  camp  base  and  general  hospitals 
throughout  the  United  States  were  closed  many  cases  of  chronic  empyema 
were  still  under  treatment.  These  cases  had  been  subjected  to  many 
operations  in  the  attempt  to  obliterate  the  cavities  permanently  and  to  secure 
final  healing  of  the  wounds.  The  patients  of  this  type  were  gathered  into  a 
few  permanent  hospitals,  the  greater  number  being  transferred  to  Walter 
Reed  General  Hospital,  Washington,  D.  C.,  where  it  was  possible  to  study 
and  to  treat  them  with  every  possible  facility,  and  where  the  “open  type’  of 
operation  was  put  into  practice  in  the  fall  of  1920.1 

In  this  connection,  it  is  well  to  enumerate  briefly  the  principal  etiological 
factors  observed  during  the  treatment  of  these  cases.  Patients  who  presented 
pleurobronchial  fistulse  numbered  60.8  per  cent,  90  per  cent  had  osteomyelitis 
of  the  ribs,  with  or  without  sequestration,  75  per  cent  showed  accessory  pockets 
or  diverticula,  and  15  per  cent  had  foreign  bodies  in  the  nature  of  rubber 
tissue,  drainage  tubes,  or  bismuth  paste.2  One  hundred  per  cent  were  infected 
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with  hemolytic  streptococci,  and  15  per  cent  had  underlying  constitutional 
conditions,  such  as  tuberculosis  and  syphilis.  The  problem  of  the  surgeon 
was  to  obliterate  the  cavities  in  these  cases  by  a  method  which  would  not  only 
result  in  minimal  mutilation,  but  which  would  increase  the  vital  capacity  and 
yet  result  in  a  low  mortality.  The  ‘‘open”  operation,  carried  out  in  repeated 
stages,  seemed  to  approach  this  ideal  more  closely  than  any  other  known 
method. 

Inasmuch  as  the  previous  operative  methods  carried  out  at  a  time 
when  these  patients  were  better  able  to  withstand  operative  trauma 
and  overcome  infection,  had  failed  in  the  hands  of  competent  surgeons,  it 
seemed  that  an  operation  should  be  attempted  which  would  not  only  obviate 
the  causes  of  previous  failure,  but  which  would,  by  minimizing  shock,  be  well 
within  the  limits  of  safety.  It  was  obvious  that  these  patients  could  not 
withstand  an  extensive  operation.  The  cavities  were  badly  infected,  and 
since  resected  ribs  projecting  into  such  cavities  often  resulted  in  osteomye¬ 
litis  with  sequestration,  it  seemed  that  the  logical  procedure  was  to  lay  the 
cavities  completely  open  for  direct  irrigation  and  inspection. 

The  reason  for  this  open  type  of  operation  was  more  apparent  when  it  was 
found  that  a  large  percentage  of  cases  of  chronicity  and  recurrence  was  due  to 
diverticula,  which  had  not  been  observed  at  the  time  of  the  earlier  operations. 
These  diverticula  drained  by  minute  sinuses  into  the  main  cavity,  or  in  some 
cases  into  an  unobliterated  and  infected  pocket,  anterior  or  posterior  to  the 
residual  sinus  tract,  which  had  failed  to  heal  when  obliteration  of  the  greater 
part  of  the  cavity  occurred.  However,  pleurobronchial  fistulse  were  the 
major  factors  resulting  in  chronicity,  and  any  attempt  to  close  these  fistula? 
in  a  septic  field  was  useless  and  dangerous.  With  these  complications  playing 
such  a  prominent  part  in  the  chronicity  of  this  condition,  an  operative  pro¬ 
cedure  was  necessary  which  would  eliminate  these  factors  and  at  the  same 
time  would  permit  a  patient  with  low  vital  capacity  and  little  resistance  to 
undergo  the  necessary  surgical  treatment  with  minimal  shock. 

Since  the  complete  procedure  could  not  safely  be  done  at  one  time,  a 
fractional  or  step-like  operation  was  adopted  in  which  no  previous  step  would 
be  nullified  by  the  lapse  of  time  intervening  between  the  subsequent  phases. 

At  this  point  it  is  necessary  to  emphasize  the  fact  that  these  patients  had 
not  been  improving.  The  majority  of  the  cavities  had  been  draining  and 
discharging  pus  for  three  or  four  years.  In  spite  of  the  markedly  thickened 
parietaf  pleura,  an  appreciable  cavity  still  remained  with  a  collapsed,  non¬ 
functioning  lung  and  with  a  pleurobronchial  fistula  in  60.8  per  cent  of  the  cases. 

All  these  patients  required  some  form  of  operation  that  would  give  them 
a  complete  cure*  consequently  postponement  was  out  of  the  question,  for  as 
time  elapsed,  they  would  continue  to  grow  progressively  worse  and  become 
poorer  surgical  risks.  It  was  therefore  necessary  to  take  the  case  in  hand 
before  some  secondary  condition  intervened  to  snuff  out  what  little  vitality 
remained.  Furthermore,  from  the  economic  standpoint  alone,  an  opeiation 
of  this  character  was  justified,  for  if  hospitalization  could  be  terminated,  and 
the  patient  healed  and  restored  to  at  least  a  fraction  of  his  foimer  earning 
capacity,  he  became  an  asset  rather  than  a  liability  to  the  community  • 

During  the  preoperative  treatment  the  patient  was  placed  on  a  high 
caloric  diet.  Cultures  from  the  cavity  were  then  sent  to  the  laboratory  to 
determine  the  type  of  infection  present.  Other  routine  laboiatoiy  examma- 
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tions,  including  red,  white,  and  differential  blood  counts,  estimation  of  the 
hemoglobin,  Wassermann  reaction,  and  urinalysis,  were  carried  out.  Examina¬ 
tion  of  the  sputum  for  tubercle  bacilli  was  most  important.  The 
vital  capacity  was  determined  in  the  majority  of  the  patients.  Preliminary 
irrigation  with  Dakin’s  solution  was  instituted  for  a  few  days  prior  to  operation 
to  render  the  patient  less  septic.  In  the  interim,  careful  blood-pressure  read¬ 
ings  were  made.  The  blood  group  was  determined  and  the  blood  checked 
against  that  of  a  prospective  donor  for  transfusion.  One-quarter  grain  of 
morphine  sulphate  and  one  one-hundred-and-fiftieth  grain  of  atropine  sulphate 
were  administered  one  and  one-half  hours  before  operation.  In  addition 
one-sixth  grain  of  morphine  sulphate  was  given  30  minutes  before  the  operation 
was  actually  begun.  Paravertebral  anesthesia,  combined  with  superficial 
and  deep  infiltration  in  the  region  of  the  operation,  was  carried  out  with 
one-half  per  cent  novocaine  solution.  Nitrous  oxide  and  oxygen  were  subse¬ 
quently  given  only  to  the  point  of  analgesia.  This  procedure,  in  addition 
to  relieving  pain,  served  to  allay  fright  and  to  render  the  patient  less  susceptible 
to  his  surroundings.  A  preoperative  transfusion  was  necessary  in  markedly 
septic  and  emaciated  cases. 

In  the  first  cases  which  came  to  operation,  the  upper  portions  of  the 
cavity  were  first  attacked,  provided  there  was  simple  and  dependent  drainage, 
otherwise  the  lower  parts  of  the  cavities  were  exposed  to  establish  effective 
drainage  at  the  earliest  possible  moment.  In  the  later  cases  it  proved  most 
satisfactory  to  expose  the  lower  part  of  the  cavity  in  all  instances.  An  incision 
was  made  over  that  portion  of  the  cavity  which  was  to  be  exposed.  The 
outlines  of  this  cavity  had  previously  been  localized  with  accuracy  with 
bismuth  injections  and  Roentgen-ray  plates.  The  superficial  muscle  layers 
were  exposed,  clamped  with  large  forceps  to  eliminate  hemorrhage,  and  severed. 
After  the  surrounding  tissues  had  been  infiltrated  with  one-half  per  cent 
novocaine  solution  each  rib  was  detached  from  the  immediate  musculature 
for  a  distance  of  2  or  3  cm.  beyond  the  limit  of  the  cavity.  The  main  portions 
of  the  ribs  were  separated  subperiosteally.  It  was  imperative  that  the 
subperiosteal  separation  did  not  extend  to  a  point  where  the  rib  was  to  be 
divided,  but  was  stopped  at  a  half  inch  from  the  point  of  rib  resection. 

Since  100  per  cent  of  these  cases  were  infected,  it  was  advisable  to  avoid 
subperiosteal  resection  at  the  point  of  rib  division  for  the  following  reasons: 
Osteomyelitis,  with  or  without  sequestration,  was  present  in  90  per  cent  of  these 
cases.  In  almost  every  instance  it  proved  to  be  the  cut  end  of  a  rib  which  had 
sequestered  for  one-half  to  three-fourths  of  an  inch  beyond  the  point  of  the  previous 
resection  by  the  well-recognized  subperiosteal  method.  These  infected  rib 
ends  subsequently  became  detached  and  were  displaced  into  the  pleural  cavity 
by  muscle  movements  or  by  pressure  of  the  skin  or  scar  tissue  contracting 
over  the  site  of  the  former  operation.  They,  in  turn,  became  secondary  foci 
of  infection.  It  was  repeatedly  demonstrated  during  the  war  that  the  Bunge3 
amputation,  which  calls  for  the  removal  of  the  periosteum  one-fourth  inch 
above  the  point  of  division  of  the  bone,  is  invariably  followed  by  sequestration 
when  the  bone  is  denuded  to  this  extent.  Even  simple  periosteal  separation 
is  also  frequently  followed  by  similar  results,  especially  in  cases  for  reamputa¬ 
tion  where  there  had  been  prolonged  suppuration  at  some  previous  time.  For 
these  reasons  the  periosteum  was  cut  flush  with  the  rib  on  section.  Sequestra¬ 
tion  has  not  been  seen  in  any  of  the  cases  where  this  method  has  been  followed. 
Because  of  the  added  difficulty  which  this  procedure  involves,  since  hemorrhage 
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is  much  greater  here  than  where  subperiosteal  resection  is  practiced,  every 
effort  should  be  made  to  control  the  vessels  in  the  vicinity  of  the  ribs  to  he 
sectioned  before  thev  are  cut  through. 

The  onset  of  shock  is  usually  simultaneous  with  the  resection  of  the  bony 
structures  overlying  the  chest  wall.  Therefore,  at  this  stage  of  the  operation, 
the  anesthetist  was  instructed  to  make  careful  readings  of  the  systolic  and  dias¬ 
tolic  blood  pressures  and  to  closely  observe  the  pulse  rate  and  general  condition  of 
the  patient.  It  was  an  infallible  rule  to  use  these  criteria  as  a  guide  to  the 
extent  of  operative  procedure  to  be  undertaken  at  any  one  step.  When  the 
svstolic  pressure  fell  to  90  mm.  of  mercury,  the  operation  was  discontinued, 
even  if  the  general  condition  of  the  patient  was  good  and  the  pulse  rate  within 
the  limits  of  safety,  since  ex¬ 
perience  had  shown  that  in 
some  cases  a  subsequent  drop 
of  10  to  20  mm.  would  occur 
during  the  first  hour  or  two 
after  operation.  The  inclina¬ 
tion  is  but  natural  for  the 
surgeon  to  do  as  much  as 
possible  at  one  time  provided 
the  patient’s  life  is  not  being 
endangered,  but  on  two  oc¬ 
casions  during  the  first  op¬ 
erations  in  this  series  when 
the  surgeon  was  apparently 
within  the  limits  of  safety 
the  patients  rapidly  passed 
into  profound  shock  and 
died,  although  they  had 
been  on  the  table  less  than 
40  minutes.  The  value  of 
brief  and  repeated  operations 
was  thereby  forcibly  demon¬ 
strated.  _____  _ _ 

Having  resected  the  Fig.  03. — cavity  illustrating  the  use  of  the  skin  as  a  protective 

bony  structures  overlying  the 

part  of  the  cavity  to  be  exposed,  the  parietal  pleura  was  next  excised  and 
that  portion  of  the  cavity  was  exposed.  After  the  cavity  had  been  exposed  to 
the  desired  extent,  the  skin  was  inverted  over  the  severed  muscle  and  anchored, 
together  with  the  muscle  over  the  resected  rib  stumps,  by  means  of  silkworm 
gut  sutures.  The  object  of  this  was  to  prevent  the  muscle  and  skin,  which 
were  necessary  for  the  final  closure,  from  retracting  and  becoming  atrophied, 
and  also  to  render  the  dressings  less  painful,  since  the  sensitive  areas  were 
covered  with  skin  as  a  protective  covering  (Fig.  63). 

Multiple  scarification  was  practiced  on  that  portion  of  the  skin  sutured 
under  tension  to  cause  relaxation  and  to  prevent  sloughing.  The  dressing  was 
then  applied  after  8  to  10  Carrel  tubes,  interspaced  in  layers  with  gauze,  were 
placed  in  the  cavity.  The  whole  area  was  gently  packed  in  this  fashion.  One 
Carrel  tube,  to  be  retained  in  place  for  48  hours,  was  placed  under  each  infold 
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of  the  skin  and  muscle.  The  outer  dressings  were  then  applied  and  the  patient 
was  removed  to  the  recovery  room  if  his  condition  warranted. 

When  necessary,  restorative  measures  were  promptly  instituted  to  combat 
shock.  These  restorative  measures  comprised,  principally,  the  local  application 
of  heat,  the  administration  of  a  shock  enema,  composed  of  spiritus  frumenti  60 
c.  c.  and  coffee  120  c.  c.,  and  the  elevation  of  the  foot  of  the  table.  Normal 
salt  solution  was  administered  intravenously,  and  blood  was  obtained  for  trans¬ 
fusion.  The  citrate  method  of  transfusion  was  employed.  The  blood  was 
given  to  the  patient  through  the  apparatus  used  to  administer  the  normal  saline 
If  a  second  fall  in  blood  pressure  occurred  and  the  symptoms  of  shock  persisted 
a  second  transfusion  was  given.  However,  postoperative  shock  occurred 
rarely  if  the  surgeon  adhered  to  the  fixed  principles  of  the  steplike  operation. 
Only  two  cases  in  this  entire  series  required  a  second  transfusion. 

Ail  danger  of  shock  being 
over,  the  patient  was  returned 
from  the  recovery  room  to  his 
respective  ward  on  the  day 

following  the  operation.  It 
was  found  to  be  imperative 

that  the  ward  surgeon  who 
dressed  these  cases  daily  be 
present  at  the  operation  so 
that  he  might  be  fully 
informed  of  the  particular 
complications  that  existed 
and  that  he  understand  the 
objective  to  be  reached  as 
well  as  the  complications  that 
might  ensue.  The  routine 
treatment  adopted  in  the 
postoperative  care  of  these 
cases  was  the  classical  Carrel- 
Dakin  technique  as  employed 

in  the  sterilization  of  septic 
wounds.  The  number  of 

tubes  depended  upon  the  size 
of  the  cavity.  The  cavity 
was  packed  throughout  its 
entire  extent  to  prevent  any 
overhanging  of  wound  margins.  It  was  important  that  no  portion  of  the 
exposed  cavity  be  roofed  over  at  any  time  by  the  encroachment  of  the 
contracting  soft  tissues  or  by  unhealthy  granulations.  The  dressings  were 
changed  daily  and  at  the  same  time  the  wound  was  thoroughly  flushed 
out  with  Dakin’s  solution  and  the  packing  reapplied.  As  soon  as  the 
patient’s  general  condition  had  improved  to  the  point  where  further  opera¬ 
tive  procedure  was  warranted,  he  was  again  prepared  in  the  manner  pre¬ 
viously  described  and  more  of  the  contiguous  structures  overlying  the  cavity 
was  attacked.  This  procedure  was  continued  until  the  cavity  was  eventually 
laid  wide  open  in  its  entirety.  In  some  instances  as  many  as  five  sub¬ 
cavities  were  detected.  The  majority  of  these  subcavities  had  not  been 


Fig.  64. — Five  subcavities.  Three  posterior  cavities  obliterated,  and 
two  anterior  cavities  still  partly  open. 
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detected  by  the  Roentgen  ray  and  had  not  been  discovered  in  former  opera¬ 
tions  because  of  the  very  minute  openings  which  would  admit  only  the  smallest 
probe.  These  openings,  however,  led  to  cavities,  the  capacities  of  which  were 
from  15  to  50  c.  c.  The  cavities  were  not  evident  before  irrigation  had  been 
instituted  for  from  10  days  to  2  weeks. 

The  collapsed  lung  was  freed  from  its  fibrous  pleural  covering  in  one  of 
two  ways,  depending  usually  upon  the  character  of  the  fibrous  deposit.  In  the 
thin-walled,  hemolytic  streptococcus  pleura,  which  was  too  adherent  to  permit  a 
line  of  cleavage,  the  lung  was  freed  by  a  2  per  cent  alcoholic  solution  of  gentian 
violet  applied  in  the  form  of  a  pack.a  This  pack  was  applied  for  two  consecutive 
days,  after  which  the  cavity  was  constantly  irrigated  with  Dakin’s  solution 
until  the  entire  blue  coating  of  devitalized  tissue  had  exfoliated.  A  second 
application  of  gentian  violet  was  made  if  necessary.  This  solution  was  also 
used  in  very  thick  pleurae  but  the  action  was  slower,  except  when  it  was  em¬ 
ployed  in  conjunction  with  discission.  On  the  first  case  this  agent  was  used 
for  three  consecutive  days,  but  it  was  soon  discovered  that  the  destructive 
action  led  to  the  breaking  down  of  the  superficial  air  cells,  and  herniation  of 
the  lung  was  at  times  alarming.  In  a  second  case  the  pleura  ruptured,  and 
there  was  hemorrhage  in  a  third.  Consequently,  this  dye  was  used  with  great 
care  and  never  in  the  strength  given  except  in  the  open  type  of  operation.  The 
other  method  of  pulmonary  mobilization  practiced  was  a  discission  after  the 
method  of  Ransohoff.  The  method  of  Ransohoff  was  used  in  preference  to 
surgical  decortication,  which  was  usually  employed  shortly  before  closure  and 
occasionally  in  the  wards  without  anesthesia  or  pain  to  the  patient. 

Surgical  decortication  was  practiced  in  some  cases  but  it  was  found  that 
the  expansile  power  of  the  lung  was  lost  much  earlier  than  if  chemical  decorti¬ 
cation  was  employed.  By  these  methods,  cavities  of  500  c.  c.  capacity  have  been 
reduced  to  50  c.  c.,  but  these  or  any  other  methods  of  decortication  did  not 
result  in  the  expansion  of  a  lung  which  had  undergone  fibrosis. 

After  a  cavity  of  large  capacity  had  been  reduced  to  a  minimum  by  expan¬ 
sion  of  the  lung,  seven  consecutive  sterile  cultures  of  the  wound  were  obtained 
when  possible.  The  cavity  was  then  ready  for  closure.  It  was  necessary, 
however,  to  close  some  cases  in  which  it  was  impossible  to  get  as  many  as 
seven  consecutive  sterile  cultures,  but  the  results  were  satisfactory.  The 
treatment  of  these  wounds  was  exactly  the  same  except  that  the  temporary 
drainage  was  allowed  to  remain  for  an  extra  24  hours. 

Several  other  factors,  aside  from  the  corrective  surgical  measures,  apparently 
entered  into  the  obliteration  of  these  cavities.  Regardless  of  what  has  been 
written  relative  to  the  assumption  that  the  diaphragm  on  the  affected  side  does 
not  ascend  in  the  presence  of  dense  adhesions,  it  did  occur.  The  healthy  lung 
also  tended  to  push  over  into  the  inadequately  nlled  pleural  cavity  of  the 
affected  side  and  in  this  way  helped  toward  obliteration  even  when  the  medias¬ 
tinum  was  fairly  rigid.  Granulation  was  a  factor  in  reducing  the  size  of  small 
cavities. 

The  subsequent  closure  of  these  empyema  wounds  was  accomplished  in 
progressive  phases,  when  it  was  deemed  necessary,  in  the  same  manner  that  a 
graded  method  was  used  to  expose  them.  Before  taking  up  in  detail  the 
technique  of  plastic  closure,  however,  the  closure  of  bronchial  fistula)  deserves 

a  The  gentian  violet  obtained  since  the  war  has  been  useless  as  a  decorticating  agent  even  when  the  strength  was  in¬ 
creased  to  6  per  cent.  The  preparation  used  on  the  cases  described  in  this  chapter  was  a  pre-war  preparation  that  was 
on  hand  at  Walter  Reed  General  Hospital.  What  the  active  agent  in  this  particular  brand  of  gentian  violet  was  is  not 
known — whether  it  was  an  impurity  or  whether  it  was  specially  pure. 
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special  mention,  as  this  complication  proved  one  of  the  most  intractable.  The 
fallacy  of  attempting  to  close  these  fistulae  in  the  presence  of  sepsis  requires 
further  emphasis.  Even  in  the  presence  of  repeated  sterile  cultures  the  advis¬ 
ability  of  completely  closing  any  fistula  in  cases  of  this  type  is  questionable, 
for  the  surgeon  could  never  be  certain  as  to  the  complications  which  might 
arise.  Even  in  the  hands  of  capable  surgeons  closure  has  been  followed  by  such 
complications  as  lung  and  brain  abscesses.  In  this  connection,  it  might  be 
well  to  mention,  and  it  is  probably  fortunate,  too,  that  no  absolutely  reliable 
method  of  closing  every  bronchial  fistula  was  found.  While  the  recognized 
method  of  purse-string  suture  with  inversion  closed  some,  it  was  found  far  more 
satisfactory  to  reduce  the  size  of  the  fistula  by  a  partial  suture  and  to  allow  it 
to  close  by  granulation  after  local  stimulating  applications  of  a  2  per  cent 
alcoholic  solution  of  gentian  violet.  Some  of  the  early  cases  were  closed  by 
suture  and  the  implantation  of  muscle  over  the  closed  fistula.  A  Carrel  tube 
was  left  in  the  wound  near  the  closed  fistula  for  48  or  72  hours.  Although 
this  method  was  not  considered  ideal,  it  was  far  less  dangerous  than  the  implanta¬ 
tion  of  a  skin  flap  which  would  form  a  much  more  resistant  barrier  if  complica¬ 
tions  should  arise.  The  greatest  success  in  the  closure  of  fistulae  was  obtained 
after  a  combination  of  procedures  which  included  the  mobilization  of  the  lobe 
with  the  fistula  and  the  area  in  which  the  fistula  emerged  on  the  surface  of  the 
lung,  or  the  partial  reduction  of  the  size  of  the  fistula  by  suture.  Each  procedure 
was  followed  by  the  application  of  gentian  violet.  The  actual  cautery  was 
used  in  a  few  instances,  but  was  successful  only  in  those  cases  with  very 
minute  fistulas  which  did  not  require  much  treatment.  It  was  absolutely 
imperative  that  no  attempt  at  final  closure  of  the  cavity  be  made  while  a  patent 
pleuropulmonary  communication  existed.  Through  such  an  opening  the 
pathogenic  bacteria  present  in  the  upper  air  passages  naturally  found  ready 
access  to  the  more  susceptible  overlying  soft  tissues,  and  caused  continuous 
reinfection.  This  was  apparently  the  explanation  for  the  failures  which 
occurred  following  other  operative  methods. 

Having  progressed  thus  far  in  the  treatment  of  the  case,  and  having 
eliminated  all  the  factors  which  might  account  for  the  chronicity  of  the  empyema, 
the  surgeon  was  ready  to  close  the  wound  permanently.  Local  anesthesia 
and  gas  analgesia  were  employed.  The  skin  was  freed  from  the  underlying 
muscle  bodies  and  was  undermined  to  the  required  extent.  The  muscles, 
which  had  been  saved  at  the  previous  operation,  were  freed  sufficiently  from 
their  attachment  to  allow  complete  resuturing  over  the  residuum  of  the  cavity. 
All  the  muscle  tissue  which  might  be  required  was  utilized  to  obliterate  the  space 
and  the  parts  of  the  severed  muscles  were  brought  in  apposition  by  sutures  so  as 
to  restore  the  normal  contour  of  the  chest  wall  as  far  as  possible  and  to  allow 
flexibility  with  a  movable  skin  surface.  This  could  be  accomplished  in  all 
cases  except  in  those  in  which  the  muscles  had  been  destroyed  by  previous 
operations  and  by  infection.  During  the  dissection  for  the  liberation  of  the  skin 
and  muscles  preliminary  to  final  closure  all  raw  surfaces  were  kept  covered  with 
packs  moist  with  Dakin's  solution  to  check  oozing  and  to  maintain  sterility. 
After  all  the  redundant  scar  tissue  had  been  excised,  the  edges  of  the  skin  and 
the  underlying  muscles  were  approximated  by  a  figure-of-eight  silkworm  gut 
suture.  Rubber  dam  and  Carrel  tubes  were  inserted  along  the  suture  line  to 
permit  drainage.  Multiple  scarification  of  the  skin  was  resorted  to  wherever  it 
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appeared  that  tension  interferred  with  the  proper  circulation  of  the  part.  The 
dressings  were  firmly  applied  to  prevent  the  occurrence  of  any  spaces  between 
the  contiguous  layers  of  tissue.  The  pressure  also  aided  in  obliterating  the 
cavity. 

Whenever  a  cavity  was  so  large  that  complete  closure  was  impossible  in 
one  operation,  an  attempt  was  made  to  close  only  the  upper  parts  of  the  cavity 
in  this  manner,  and  the  remainder  was  closed  at  subsequent  operations.  The 
Carrel  tubes  were  removed  in  24  hours,  the  rubber  dam  drainage  in  48  hours, 
and  the  sutures  in  7  days. 

The  following  classification,  based  on  the  condition  of  the  patients  when 
they  were  admitted  to  the  empyema  service  at  Walter  Reed  Hospital,  is  pre¬ 
sented  for  convenience  of  description: 

Group  I:  Patients  belonging  to  this  group  presented  great  postoperative 
deformities,  cavities  with  a  capacity  of  300  to  500  c.  c.,  osteomyelitis  of  the 
ribs,  rigid  chest  walls,  and  diminished  vital  capacity  due  to  the  compression  or 
fibrosis  of  the  lung  or  both  (Fig.  65). 

Group  II:  No  postoperative  deformity  was  found  in  these  cases,  and  they 
had  only  moderately  sized  cavities  of  300  to  500  c.  c.  capacity.  The  chest 
walls  were  flexible  and  the  lung  tissue  was  capable  of  ready  expansion  when 
liberated  from  the  resistant  thick  pleura  (Fig.  66). 

Group  III :  This  group  was  characterized  by  no  postoperative  deformities, 
but  it  presented  enormous  cavities,  varying  in  size  from  1,000  c.  c.  to  the  entire 
capacity  of  the  side  involved.  Collapsed  lung  with  fibrosis  was  always  present, 
as  well  as  a  rigid  chest  wall,  which  had  resulted  from  osseous  regeneration 
between  the  ribs  (Fig.  67). 

Group  IV :  In  this  group  there  were  no  postoperative  deformities.  The 
cavities  were  small,  chest  walls  were  flexible,  and  the  lung  tissue  was  expansile 
(Fig.  68). 

Irregular  group:  Those  in  the  upper  row  of  the  cases  in  this  class  have 
very  little  postoperative  deformity.  Those  in  the  middle  and  lower  rows  had 
moderate  postoperative  deformities,  due  to  rib  resection  and  osteomyelitis 
before  admission  (Fig.  69). 

Owing  to  the  fact  that  such  a  large  percentage  of  these  cases  had  complica¬ 
tions,  such  as  osteomyelitis,  bronchial  fistulse,  secondary  cavities,  and  multiple 
draining  sinuses,  they  are  not  mentioned  in  the  above  groups,  nor  have  they  been 
used  as  a  basis  for  a  more  intricate  classification  of  this  condition. 

Naturally  some  modification  of  the  technique  described  was  necessary, 
usually  to  meet  the  exigencies  of  the  type  of  case  undergoing  treatment. 

In  the  treatment  of  cases  belonging  to  Group  I,  where  the  deformity  and 
destruction  were  so  great  that  there  was  little  or  no  available  muscle  tissue, 
and,  in  addition,  the  lung  had  undergone  fibrosis,  the  existing  deformity  could 
not  be  corrected  though  the  cavity  itself  was  laid  open.  The  bronchial  fistulae 
were  closed  preferably  by  mobilization  of  the  involved  lung  or  by  local  applica¬ 
tions,  except  in  the  case  of  very  large  fistulas,  which  were  reduced  in  size  by  partial 
suture  and  afterwards  completely  closed  by  local  applications  of  gentian  violet. 
This  technique  eliminated  all  dangers  incident  to  sudden  surgical  closure  of  these 
fistulae.  The  extreme  cases  in  this  group  showed  no  marked  improvement  in 
the  vital  capacity  following  operation. 

In  cases  belonging  to  Group  II  the  entire  cavity  was  laid  wide  open  by  the 
many-stage  operation.  After  all  the  bronchial  fistulas  had  been  closed  and  the 
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Fig.  65. — A  representative  group  illustrating  Group  I  of  the  text. 
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Fig.  66. — A  representative  group  illustrating  Group  II  of  the  text. 
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lung  had  been  decorticated,  the  cavity  was  obliterated  by  the  expansion  of  the 
lung.  The  final  closure  was  affected  according  to  the  technique  already  de¬ 
scribed.  The  greatest  number  of  chronic  empyema  cases  fell  in  this  group. 
They  should  have  a  flexible  chest  wall  and  practically  no  deformity  following 
operation. 

In  the  cases  of  Group  III,  in  which  the  entire  lung  was  collapsed  and  bound 
down,  the  wounds  were  enlarged  to  remove  the  infected  rib-ends  and  to  permit 
direct  irrigation  of  the  cavity.  The  operation,  furthermore,  provided  more 
dependent  and  better  drainage.  After  all  sinuses  were  laid  open  and  sterilized 
every  effort  was  made  to  expand  the  lung  by  chemical  decortication  and  dis¬ 
cission.  After  the  maximum  of  expansion  was  obtained  by  these  means,  pro¬ 
vided  all  infected  and  necrosed 
ribs  had  been  removed,  the 
remaining  cavity  was  obliter¬ 
ated  by  some  modification  of 
the  Wilms  or  Sauerbruch 
operations. 

In  cases  belonging  to 
Group  IV  little  if  any  treat¬ 
ment  was  necessary  other 
than  irrigation  with  Dakin’s 
solution  after  the  cavity 
was  laid  open  and  the 
fistulge  closed,  except  plastic 
muscle  closure  following 
the  sterilization  of  the 
cavity. 

Further  postoperative 
treatment  was  as  follows : 
The  patients  were  kept  on  a 
high  caloric  diet,  their  weights 
were  recorded  at  weekly  in¬ 
tervals,  and  daily  calisthenics 
(deep-breathing  exercises) 
were  instituted  as  soon  as 
healing  had  occurred. 

The  vital  capacities  were  determined  after  the  wounds  were  closed  and 
were  compared  with  the  readings  made  on  admission.  There  was  an  increase 
of  from  500  to  1 ,500  c.  c.  in  the  lung  capacity.  This  increase  is  of  decided  impor¬ 
tance  to  the  patient  as  an  evidence  of  heightened  resistance  to  respiratory  infec¬ 
tions.  Improvement  is  further  substantiated  by  the  excellent  physical  con¬ 
dition  of  these  patients  and  increases  in  weight  of  from  10  to  40  pounds. 

In  a  series  of  40  cases  studied  at  the  Walter  Reed  General  Hospital,  21 
were  of  from  3  to  4  years’  duration;  5  were  of  2  years’  duration,  and  the  re¬ 
maining  number  varied  from  6  to  18  months. 

Twelve  of  this  number  had  had  radical  operations  of  the  most  extreme  form 
and  24  had  had  multiple  thoracotomies  with  removal  of  one  or  more  ribs  when 
admitted. 

The  results  in  this  series  were  as  follows:  Thirty-five  closed;  three  died; 
one  left  hospital  before  ready  for  closure;  one  undergoing  syphilitic  treatment 


Fig.  67. — The  type  of  ease  included  in  Group  III  of  the  text. 
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Fig.  68. — A  representative  group  illustrating  Group  IV  of  the  text. 
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Fl<3,  69, — A  representative  group  illustrating  the  “  irregular  ”  group  of  the  text 
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and  ready  for  closure.  One  hundred  and  seventy-three  operations  were  nec¬ 
essary  to  complete  the  work  on  these  cases  by  the  many-staged  method. 

CONCLUSIONS. 

1.  The  chronic  type  of  empyema,  especially  those  with  large  cavities, 
should  occur  but  seldom  if  early  aspiration  followed  by  negative  pressure 
treatment  is  promptly  instituted. 

2.  Empyema  cavities  can  be  obliterated  by  discission  and  chemical  de¬ 
cortication  plus  implantation  of  certain  muscle  bodies. 

3.  The  patient’s  vital  capacity  and  resistance  to  intercurrent  disease  can 
be  increased  by  complete  eradication  of  infection  and  the  methods  of  de¬ 
cortication  already  mentioned. 

4.  Chemical  decortication,  if  used  injudiciously,  may  result  in  rupture 
of  the  visceral  pleura,  dangerous  herniation  of  the  lung,  and  hemorrhage, 
but  the  expanded  lung  retains  its  expansile  power  longer  than  when  surgical 
decortication  is  practiced.  (It  should  never  be  used  in  such  a  concentrated 
form  except  in  the  open  type  of  operation.) 

5.  The  pleurobronchial  fistula  is  one  of  the  commonest  causes  of  per¬ 
sistent  cavities. 

6.  Subperiosteal  resection  of  ribs  at  the  point  of  division  should  be  dis¬ 
carded  and  rib  section  flush  with  periosteum  adopted. 

7.  Obliteration  by  expansion  of  lung  which  means  increased  vital  capacity 
should  be  practiced  rather  than  cavity  diminution  by  collapse  of  the  chest  wall. 

8.  Sterilization  of  the  cavity  can  often  be  accomplished  even  in  long¬ 
standing  cases,  but  re-infection  will  invariably  occur  if  the  parietal  pleura 
is  not  removed  in  a  case  of  over  one  year’s  duration,  especially  if  it  is  of  the 
hemolytic  streptococcus  variety. 

9.  Daily  cultures  of  the  wound  are  necessary  to  check  the  progress  and 
to  determine  the  amount  of  Dakin’s  solution  to  be  used. 

10.  The  many-step,  open  or  fractional  operation,  has  the  following  ad¬ 
vantages  : 

(a)  It  permits  direct  inspection  and  Dakinization  of  the  entire  cavity. 

( b )  It  permits  the  detection  and  eradication  of  diverticula  which  are 
often  missed  on  X-ray  examination. 

(c)  It  aids  in  the  detection  of  osteomyelitis  and  foreign  bodies. 

(■ d )  It  insures  such  immediate  improvement  in  profoundly  septic  cases 
that  they  will  permit  further  operative  procedure  being  carried  out  with  low 
mortality. 

(e)  It  affords  easy  removal  of  the  parietal  pleura  and  discission  or  chemi¬ 
cal  decortication  of  the  visceral  pleura. 

(/)  It  allows  the  detection  and  direct  closure  of  bronchial  fistula. 

(g)  The  operation  can  be  discontinued  at  any  stage,  only  to  be  finished 
later  when  the  patient’s  condition  permits,  with  a  mortality  far  below  that  of 
the  standard  radical  operation. 

As  regards  the  treatment  of  this  type  of  case,  the  entire  procedure  is  based 
upon  the  recognition  of  the  soundness  of  the  contention  learned  in  the  school 
of  experience,  that  there  is  no  short  cut  or  abbreviated  method  whereby  a  cure 
can  be  obtained.  Like  every  new  departure  in  surgery,  the  operative  technique 
is  naturally  the  paramount  prerequisite  of  that  particular  method,  yet,  in  this 
instance,  constant  and  careful  Dakinization,  together  with  massive  and  irksome 
daily  dressings  necessary  to  ensure  sterilization,  are  indispensable  desiderata  in 
obtaining  an  ample  reward  for  all  the  hardship  the  patient  has  endured. 
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CASE  REPORTS. 

Case  1. — R.  G.  H.,  age  33  years.  September  8,  1918,  developed  influenza  and  pneumonia. 
September  18,  1918,  complication,  empyema,  left,  hemolytic  streptococcus  type.  Aspirated 
twice.  October  22,  1918,  thoracotomy;  resection  of  10  cm.  of  seventh  rib,  midaxillary  line; 
drainage;  irrigation  with  Dakin’s  solution.  September  10,  1919,  decortication;  resection  of  seventh 
eighth,  ninth,  and  tenth  ribs;  dependent  drainage;  patient  received  a  number  of  minor  operations 
to  institute  drainage.  September  24,  1920,  Walter  Reed  General  Hospital,  admitted  to  empyema 
service. 

Condition  on  admission:  Stretcher  case;  poorly  nourished;  anemic;  present  weight  117  lbs. 
(normal  weight  155  lbs.);  fingers  clubbed;  extremities  edematous.  Examination  of  chest  revealed 
sinus  discharging  pus  9th  interspace,  midaxillary  line,  left  chest,  with  a  large  irregularly  shaped 

cavity  extending  from  second  to 
eighth  rib,  midaxillary  line.  Radio¬ 
graphs  showed  marked  collapse,  left 
lung;  extensive  scar  formation  and 
marked  thickening  of  parietal  pleura; 
much  proliferation  of  new  bone  for¬ 
mation  from  resected  ribs;  and  some 
osteomyelitis  of  rib  stumps.  Small 
secondary  cavity  or  diverticulum 
extending  into  the  hilus  of  lung. 
Capacity  of  cavity  300  c.c.  Clinical 
laboratory  examination:  Wassermann 
negative ;  sputum  negative  for  tubercle 
bacilli;  white  blood  count,  13,950; 
red  blood  count,  3,810,000;  urine 
negative ;  culture  from  cavity  showed 
heavy  growth  of  hemolytic  strepto¬ 
coccus.  Blood  pressure:  Systolic, 
110;  diastolic,  80;  pulse  pressure,  30. 
Vital  capacity  reading,  1,500  c.  c. 

December  9,  1920,  operation;  re¬ 
section  of  15  cm.  of  third,  fourth,  fifth, 
and  sixth  ribs,  posterior  scapular  line, 
left  chest;  cavity  laid  wide  open  and 
preparation  for  active  dakinization . 
February  4, 1921,  operation;  resection 
of  10  cm.  of  seventh,  eighth,  ninth, 
and  tenth  ribs,  posterior  axillary  line; 
excision  of  thickened  parietal  pleura 
forming  roof  of  cavity;  skin  inverted 

Fig.  70. — Case  1:  A  high  incision  to  evacuate  a  large  extrapleural  over  muscle  and  saved  for  final  clos- 

abscess  incident  to  osteomyelitis  of  the  ribs.  The  illustration  ure-  entire  cavity  exposed  over  pos- 

shows  the  great  emaciation  of  the  patient  on  admission.  terior  aspect  and  active  dakinization 

continued.  (Fig.  70.)  April  7,  1921,  operation;  resection  of  10  cm.  sixth,  seventh,  and  eighth 

ribs,  anterior  axillary  line,  left  chest;  anterior  aspect  of  cavity  laid  wide  open  for  the  continued 
dakinization;  discission  of  visceral  pleura  to  allow  lung  expansion  and  the  thickened  parietal 
pleura  excised.  May  G,  1921,  operation;  partial  plastic  closure,  upper  aspect  of  posterior  cavity; 
implantation  of  a  portion  of  subscapularis  and  infraspinatus  muscles  into  apex  of  cavity;  super¬ 
ficial  muscles,  which  had  been  saved  at  previous  operation,  brought  in  apposition  and  sutured; 
skin  closed  by  silkworm  gut;  multiple  scarification  of  skin  to  cause  relaxation;  active  dakiniza¬ 
tion  continued.  June  21,  1921,  operation;  partial  closure,  anterior  aspect  of  cavity;  superficial 
muscles  brought  in  apposition  and  sutured;  skin  closed  with  silkworm  gut;  posterior  aspect  of 
cavity  left  open  for  active  dakinization .  July  18,  1921,  operation;  removal  of  segments  of  seventh, 
eighth,  and  ninth  ribs,  which  had  previously  been  resected  in  anterior  axillary  line  and  detached 
posteriorly  when  cavity  was  laid  wide  open;  active  dakinization  continued.  September  3,  19-.1, 
operation;  resection  of  5  cm.  of  regenerated  tenth  rib  stump  which  had  become  osteomyelitic; 
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dakinization  continued.  November  9,  1921,  secondary  closure  with  implantation  of  superficial 
muscle  body  in  remaining  cavity  formation:  additional  superficial  muscles  brought  over  the  im¬ 
plantation  and  fixed,  leaving  the  resected  rib  stumps  extrapleural  when  skin  was  brought  in 
apposition.  This  was  done  because  this  case  was  considered  tuberculous,  due  to  the  extensive  rib 
necrosis,  and  should  there  be  any  additional  necrosis  of  the  rib  stumps,  the  condition  would  be 
extrapleural  and  localized.  February  24,  1922,  incision  of  scar  in  posterior  scapular  area;  removal 
of  necrosed  rib  stump  which  had  been  left  extrapleural  at  last  operation.  This  rib  resection  had 
no  relation  to  empyema.  Wound  left  wide  open  for  active  dakinization  and  observation.  March 
1,  1922,  empyema  cavity  completely  obliterated  since  November  20,  1921;  lung  well  expanded. 
April  15,  1922,  patient  improving;  exposed  to  sun  daily;  on  calisthenics  and  lung  exercises;  appe¬ 
tite  good;  weight  and  strength  returning.  June  26,  1922,  patient  entirely  healed;  X  ray  showed 
all  cavity  formation  obliterated;  lung 
well  expanded;  general  condition 


excellent;  weight  140  lbs; 
capacity  reading  2,300  c.c. 


vital 


Factors  that  were  com¬ 
bated  in  this  case  were  hemo¬ 
lytic  streptococcus  infection, 
osteomyelitis  of  ribs  and  rib 
stumps  with  bridging  and 
overlapping,  secondary  cavity 
and  diverticula,  and  the  ne¬ 
cessity  for  the  removal  of  an 
almost  solid  plate  of  bone  due 
to  marked  regeneration  with 
bridging  and  overlapping  of 
previously  resected  rib. 

Case  2. — C.  G.,  age  33  years. 
October  21,  1918,  developed  influ¬ 
enza  and  pneumonia.  November 
16,  1918,  complication,  empyema, 
left,  hemolytic  streptococcus  type; 
aspirated  four  times.  November  22, 

1918,  thoracotomy;  resection  of  por¬ 
tion  of  seventh  rib.  March  3,  1919; 
additional  rib  resection  and  drainage 
instituted.  May  3,  1919,  operation; 
resection  of  20  cm.  of  eighth  rib  pos¬ 
terior  axillary  line,  left  chest;  Carrel 
tube  inserted  and  good  drainage  instituted. 


Fig.  71. — Case  1  :  A  posterior  view  of  the  final  result. 

The  patient  was  treated  by  this  method  until  June 


24,  1919,  when  he  was  transferred  to  General  Hospital  No.  19,  Oteen,  N.  C.,  because  of  a  diagnosis 
of  suspected  tuberculosis.  August  7,  1919,  operation;  resection  of  portions  of  sixth,  seventh,  and 
eighth  ribs;  dakinization  continued.  October  31,  1919,  Estlander  type  of  operation  with  resection 
of  portions  of  third,  fourth,  fifth,  sixth  ribs  and  a  portion  of  the  regenerated  seventh  rib,  with 
partial  collapse  of  left  chest  wall;  drainage  instituted.  February  19,  1920,  resection  of  portions 
of  second,  third,  and  fourth  ribs  midclavicular  line,  thus  causing  additional  collapse  of  left 
chest  wall.  June  2,  1920,  incision  made  over  seventh,  eighth,  and  ninth  ribs  and  necrotic 
posterior  stump  resected.  January  17,  1921,  admitted  to  empyema  service,  Walter  Reed  General 
Hospital. 


C  ondition  on  admission:  Ambulatory  case;  anemic;  highly  septic;  poorly  nourished;  present 
weight  110  pounds  (normal  weight  175  pounds);  fingers  clubbed;  extremities  edematous.  Ex¬ 
amination  of  chest  revealed  multiple  sinuses,  in  scars  of  previous  operations,  leading  down  to 
resected  rib  stumps,  which  had  become  osteomyelitic;  marked  deformity  in  contour  of  left  chest 
due  to  previous  collapsing  operations;  large  cavity  formation  extending  from  first  rib  to  tenth  rib 
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Fig.  72. — Case  1:  A  lateral  view  of  the  final  result. 


Fig.  73. — Case  2,  as  admitted  to  Walter  Reed  General  Hospital. 
Necrosis  of  all  ribs,  from  the  third  to  eleventh,  with  multiple 
sinuses. 
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Fig.  75. — Case  2:  The  wound  after  the  removal  of  the  necrosed  ribs, 
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lateral  chest.  Radiograph  showed  marked  collapse  of  left  lung  with  extensive  thickening  of  the 
pleura  from  apex  to  base  and  a  bismuth-filled  cavity  (capacity  of  400  c.c.)  with  osteomyelitis 
and  sequestration  of  rib  stumps.  Olinical  laboratory  examination.  Wassermann  negative;  sputum 
negative  for  tubercle  bacilli;  white  blood  count,  10,300;  red  blood  count,  3,640,000;  urine  negative; 
culture  from  cavity  showed  heavy  growth  of  hemolytic  streptococcus.  Blood  pressure. — Systolic, 
108;  diastolic,  80;  pulse  pressure,  28.  Vital  capacity  reading,  1,500  c.  c. 

January  21,  1921,  incision  along  posterior  scapular  line  with  resection  of  necrotic  rib  stumps; 
excision  of  thickened  parietal  pleura  and  scar  tissue;  skin  inverted  over  muscle  as  a  measure  of 
preservation  for  final  closure;  cavity  left  open  for  active  dakinization.  March  16,  1921,  resection 
of  anterior  portion  of  eighth,  ninth,  and  tenth  rib  stumps  with  excision  of  roof  of  cavity;  removal 
of  all  thickened  pleura;  discission  of  visceral  pleura  to  allow  lung  expansion;  active  dakinization 

continued.  April  8,  1921,  resection 
of  fourth,  fifth,  sixth  ribs,  midaxil- 
lary  line;  excision  of  thickened 
pleura;  exposure  of  entire  cavity; 
dakinization  continued.  May  7, 
1921,  resection  of  necrotic  rib 
stumps;  discission  of  visceral  pleura 
to  allow  lung  expansion:  dakiniz¬ 
ation  continued.  June  3,  1921, 

partial  plastic  closure  of  lower  part 
of  cavity  converging  with  dia¬ 
phragm;  implantation  of  portion  of 
superficial  muscle  body  at  that 
point  and  a  plastic  skin  flap 
sutured  over  defect;  dakinization 
continued  in  upper  part  of  cavity. 
July  11,  1921,  partial  plastic  closure 
of  upper  posterior  part  of  cavity 
by  means  of  implantation  of  a 
portion  of  the  subscapularis  and 
infraspinatus  muscle  to  obliterate 
the  remaining  portion  which  had 
not  been  obliterated  by  lung 
expansion;  skin  and  superficial 
muscles  brought  in  apposition  and 
sutured;  remaining  portion  of 
cavity  left  open  for  active  dakiniz¬ 
ation.  November  28,  1921,  resec¬ 
tion  of  necrotic  rib  stumps  of  third, 
fourth,  and  fifth  ribs,  anterior 
aspect;  excision  of  overlying  thickened  pleura;  removal  of  detached  sequestrated  rib 
stump  from  apex  of  remaining  cavity  formation;  active  dakinization  continued.  February  3, 
1922,  plastic  closure  of  remaining  cavity  formation  by  means  of  implantation  of  superficial 
muscle  bodies  which  had  been  saved  at  previous  operation;  remaining  superficial  muscle 
structure  brought  in  apposition  and  sutured ;  excision  of  scar  formation  along  skin  margin  and  skin 
closed  by  silkworm  gut;  multiple  scarification  of  skin  to  cause  relaxation;  rubber  dam  drainage 
for  48  hours.  March  11,  1922,  cavity  completely  obliterated;  lung  well  expanded;  X  ray  showed 
no  evidence  of  osteomyelitis  of  remaining  rib  stumps ;  general  condition  good ;  patient  gaining  weight. 

J une  21, 1922,  excision  of  old  adherent  scar;  plastic  skin-closure  of  area  with  silkworm  gut;  multiple 
scarification  of  skin  to  cause  relaxation;  rubber  dam  drainage  for  48  hours.  June  28,  1922,  skin 
area  entirely  healed ;  lung  expanded  and  in  apposition  with  chest  wall;  general  condition  excellent; 
present  weight  125  pounds;  vital  capacity  reading,  1,900  c.  c. 


Fig.  76. — Case  2:  The  open  wound  before  the  final  closure. 
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Factors  that  were  combated  in  this  case  were  hemolytic  streptococcus 
infection,  osteomyelitis  of  rib  stumps,  numerous  collapsing  operations,  left  chest 
wall,  with  bridging  and  overlapping  by  regenerated  rib  formation,  marked  dis¬ 
turbance  of  respiration  due  to  deviation  of  mediastinum.  Patient  could  not 
withstand  anv  fractional  operation  without  all  of  the  measures  to  combat 
shock. 

Case  3. — R.  C.  N.,  age  25  years.  October  6,  1918)  developed  influenza  and  pneumonia. 
November  1,  1918,  complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type; 
aspirated  three  times.  November  11,  1918,  thoracotomy;  resection  of  10  cm.  of  seventh  rib,  pos¬ 
terior  axillary  line;  drainage  insti¬ 
tuted.  May  19,  1919,  resection  of 
sixth  and  seventh  ribs,  15  cm.  at 
site  of  original  thoracotomy;  Carrel 
tubes  inserted  into  cavity  and  active 
dakinization  instituted.  July  21, 

1919,  resection  of  10  cm.  of  eighth 
rib,  anterior  axillary  line;  dependent 
drainage  instituted  in  eighth  inter¬ 
space.  September  3,  1919,  modified 
Schede  operation,  resection  of  a  por¬ 
tion  of  the  fifth,  sixth,  seventh, 
eighth,  ninth,  and  tenth  ribs;  roof  of 
cavity  removed;  lung  partially  de¬ 
corticated  and  mobilized;  muscle 
and  skin  sutured;  dependent  drain¬ 
age  instituted  by  means  of  one  Carrel 
tube.  January  5, 1920,  incision  along 
scar  of  last  operation;  resection  of 
the  anterior  and  posterior  stumps  of 
fifth,  sixth,  and  seventh  ribs  and  a 
resection  of  10  cm.  of  the  fourth  rib; 
decortication  of  visceral  pleura  at 
apex  of  cavity;  dependent  drainage, 
upper  aspect  of  wound  closed.  April 
23,  1920,  excision  of  scar  and  sinus 
tract;  cavity  laid  open;  resection  of 
anterior  ends  of  previously  resected 
ribs  and  a  partial  decortication  of 
visceral  pleura;  upper  aspect  of  cav¬ 
ity  closed  by  muscle  and  skin; 
dependent  drainage  and  irrigated 
with  Dakin's  solution.  November  10,  1920,  admitted  to  empyema  service,  Walter  Reed  General 
Hospital. 

Condition  on  admission :  Poorly  nourished ;  anemic ;  present  weight,  140  pounds  (normal  weight, 
185  pounds). 

Examination  of  chest:  Sinus  discharging  pus  at  the  ninth  interspace,  midaxillary  line,  right 
chest,  with  a  large  cavity  formation  present.  Radiograph  showed  marked  collapse  of  the  right 
lung  with  extensive  thickening  of  visceral  pleura,  right  lateral  chest,  from  apex  to  base;  ribs,  fourth 
to  tenth,  inclusive,  overlying  cavity  formation  having  been  previously  resected.  Cavity  formation 
extended  from  third  to  ninth  rib  with  a  capacity  of  300  c.  c.  Clinical  laboratory  examina¬ 
tion:  Wassermann  negative;  sputum  negative  for  tubercle  bacillus;  white  blood  count,  14,200; 
red  blood  count,  3,620,000.  Urine  negative;  culture  from  cavity  showed  hemolytic  strepto¬ 
coccus.  Blood  pressure:  Systolic,  110;  diastolic,  76;  pulse  pressure,  34.  Vital  capacity  reading 
not  taken.  November  18,  1920,  incision  over  cavity,  muscle  and  skin  retracted;  discission  of 
visceral  pleura;  cavity  left  wide  open  and  preparation  made  for  active  dakinization.  December 
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27,  1920,  resection  of  necrosed  rib  stumps;  cavity  left  wide  open  and  dakinization  continued. 
February  9,  1921,  lung  well  expanded  and  the  greater  part  of  the  cavity  formation  obliterated; 
cavity  sterile  after  seven  consecutive  daily  cultures;  patient  ready  for  final  closure.  February 
10,  1921,  secondary  closure  of  cavity;  muscle  and  skin  brought  in  apposition  and  sutured;  silkworm 
gut  with  rubber  dam  drainage;  multiple  scarification  of  skin  to  cause  relaxation.  Following 
operation  patient  developed  profound  shock,  and  in  spite  of  all  the  active  combative  measures 
taken,  he  died  three  hours  later. 

The  factors  to  be  combated  in  this  case  were  hemolytic  streptococcus 
organism;  osteomyelitis  of  rib  stumps;  the  amount  of  operative  procedure 
that  had  been  instituted,  with  resultant  scar  formation,  made  it  almost  impos¬ 
sible  to  find  enough  healthy  tissue  for  closure. 

Case  4. — R.  C.  K.,  age  22  years.  March  17,  1921,  developed  measles.  March  29,  1921,  com¬ 
plication,  pneumonia.  April  8,  1921,  complicated  empyema,  right  pleural  cavity,  hemolytic 
streptococcus  type.  Aspirated  five  times.  May  20,  1921,  intercostal  thoracotomy,  right  seventh 
interspace,  posterior  axillary  line;  drainage  instituted  by  means  of  two  rubber  tubes.  July  13, 
1921,  admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished;  anemic;  present  weight  105 
pounds  (normal  weight,  155  pounds).  Examination  of  chest:  Sinus,  discharging  pus,  seventh 
interspace,  posterior  axillary  line;  pleurobronchial  fistula  present  and  drainage  not  dependent. 
Radiographs  showed  a  marked  collapse  of  the  right  lung  with  some  thickening  of  the  parietal 
pleura  and  a  cavity  formation  extending  from  the  second  rib  to  the  base  with  an  hour  glass  con¬ 
traction  of  this  cavity  about  the  sixth  rib,  posterior  axillary  line.  Clinical  laboratory  examination: 
Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  35,300;  red  blood 
count,  4,000,000;  urine  negative;  culture  from  cavity  showed  hemolytic  streptococci  and  gram¬ 
negative  bacilli.  Blood  pressure:  Systolic,  118;  diastolic,  78;  pulse  pressure,  40.  Vital  capacity 
reading,  1,600  c.  c. 

July  25, 1921,  operation;  resection  of  15  cm.  of  sixth,  seventh,  and  eighth  ribs,  posterior  scapular 
line;  roof  of  cavity  excised,  and  two  sinuses  leading  into  the  upper  and  lower  aspect  of  the  cavity 
exposed;  skin  and  muscle  preserved  for  future  closure;  preparation  of  cavity  for  active  dakinization. 
September  8,  1921,  operation;  resection  of  15  cm.  of  fourth,  fifth,  sixth,  seventh,  and  eighth  ribs, 
posterior  scapular  line;  roof  of  upper  cavity  removed  and  fistula  exposed;  contiguous  lung  tissue 
mobilized;  skin  inverted  over  severed  muscles  and  cavity  left  open  for  active  dakinization.  Octo¬ 
ber  12,  1921,  operation;  excision  of  adherent  scar  tissue  and  removal  of  small  skin  flap,  institution 
of  drainage  of  lower  cavity  which  extended  into  mediastinum  between  the  lower  lobe  of  the  right 
lung  and  the  diaphragm.  December  5,  1921,  operation;  secondary  closure  of  upper  aspect  of  the 
cavity,  muscle  and  skin  brought  in  apposition  and  sutured  by  means  of  silkworm  gut;  rubber 
dam  drainage  instituted;  lower  aspect  of  cavity  left  open  for  dakinization.  January  10,  1922, 
operation;  resection  of  10  cm.  of  eighth,  ninth,  and  tenth  ribs,  posterior  axillary  line;  lower 
cavity,  leading  into  the  mediastinum,  exposed  after  the  thickened  parietal  pleura  forming 
the  roof  of  cavity  had  been  excised;  another  pleurobronchial  fistula  exposed;  cavity  left  wide 
open  for  active  dakinization.  March  1,  1922,  fistula  closed.  Lower  cavity  one-fifth  its  original 
size.  Cavity  sterile.  May  10,  1922,  small  cavity  obliterated  by  lung  expansion  and  ascension  of 
the  diaphragm.  Entire  area  healed  by  granulation.  The  result  being  satisfactory,  it  was  not 
deemed  necessary  to  resect  scar  and  make  secondary  closure.  June  15,  1922,  patient  healed; 
fistula  closed;  all  cavity  formation  obliterated;  lung  well  expanded;  general  condition  excellent; 
has  taken  on  weight;  weight  on  admission  105  pounds;  present  weight  142  pounds.  Vital  capacity 
reading,  3,100  c.  c.  Patient  completely  cured  and  discharged  from  hospital  June  15,  1922. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organ¬ 
ism  present;  osteomyelitis  with  rib  sequestration;  pleurobronchial  fistula; 
secondary  cavity  and  diverticula. 

Case  5. — L.  J.  McC.,  age  24  years.  February  18,  1919,  developed  pneumonia.  February  22, 
1919,  complication,  empyema,  right,  hemolytic  streptococcus  type.  Received  11  operations, 
including  thoracotomies,  Schede  and  Estlander  types  of  operation,  with  resection  of  third  to 
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eleventh  right-ribs,  inclusive,  and  attempted  resection  of  second  right  rib.  November  15,  1920, 
admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Patient  acutely  sick  from  accumulation  of  pus  in  old  healed  cavity, 
and  about  25  pounds  under  weight.  Radiograph  showed  a  dense  shadow  over  the  right  base 
suggestrce  of  fluid.  Pleura  thickened  from  base  to  apex.  Lung  collapsed.  Prior  resection  of 
the  third  to  eleventh  right  ribs,  inclusive,  with  bone  proliferation  and  bridging.  The  external 
right  chest  resembled  the  contour  lines  of  a  map  from  the  many  previous  lines  of  incision.  ( 'linical 
laboratory  examination:  Wassermann,  negative;  sputum,  negative  for  tubercle  bacilli;  blood 
showed  slight  anemia  with  high  leucocyte  count  due  to  acute  condition;  streptococcus  hemolyticus 
the  prevailing  and  dominant  organism  in  this  case  from  the  beginning. 

January  10,  1921,  patient  showed  evidence  of  reaccumulation  of  pus  in  chest.  Needling 
with  trocar  canula  and  threading  of  small  drainage  tube  into  cavity  permitted  escape  of  pus.  On 
attempting  to  use  Dakin’s  solution,  it 
was  found  that  patient  had  a  pleuro- 
broncliial  fistula  and  the  solution  had 
to  be  discontinued.  January  31, 1921, 
incision  in  line  of  previous  incision  in 
anterior  axillary  line;  portion  of  fifth 
rib  resected;  cavity  left  openinprep- 
arat ion  for  active  dakinization .  Apr il 
11,  1921,  exposure  of  cavity  posteri¬ 
orly  and  further  exposure  anteriorly 
with  resection  of  necrotic  rib  stumps 
of  sixth,  seventh,  and  eighth  ribs 
posteriorly  and  fourth ,  fifth ,  and  sixth 
ribs  anteriorly.  The  two  incisions 
were  separate  and  not  connected  ex¬ 
ternally  but  a  narrow  sinus  led  from 
one  to  the  other  within  the  cavity 
proper.  Both  wounds  left  widely 
open  for  dakinization.  April  21, 

1921,  incision  connecting  the  an¬ 
terior  and  posterior  wounds;  dissec¬ 
tion  of  connecting  sinus  tract  inter¬ 
nally  with  excision  of  intervening  rib 
stumps.  The  chest  now  presented 
one  large,  deep  wound  of  about  500 
c.  c.  capacity.  Cavity  left  widely 
open  for  active  dakinization.  May 
18,  1921,  small  sinus  tract  found  in 
upper  angle  of  wound  and  excised. 

June  8,  1921,  plastic  closure.  The 
bronchial  fistula  was  still  patent  and 
had  resisted  closure  by  cauterization.  At  this  operation  the  cavity,  which  had  obliterated  about 
75  per  cent,  could  be  entirely  obliterated  by  the  implantation  of  muscle  bodies  lying  along  the 
upper  and  lower  margins  of  the  cavity.  The  bronchial  fistula  was  closed  by  mobilizing  it,  in¬ 
serting  a  purse-string  suture  and  slightly  inverting  it;  then  the  area  was  carefully  covered  in  by 
a  small  muscle  implantation  sutured  in  situ.  The  skin  and  subcutaneous  tissues  were  freely  un¬ 
dermined  on  both  sides  and  the  tissue  united  by  sutures  under  some  tension.  Rubber  tissue 
drainage.  Only  superficial  muscle  slough  followed.  July  26, 1921,  there  was  a  little  undermining 
of  the  skin  in  the  middle  third  of  the  wound  with  slight  slough  due  to  tension.  Superficial 
incision  was  made  and  the  skin  divided.  Wound  allowed  to  granulate.  Following  this  the 
wound  gradually  healed.  August  12,  1921,  almost  healed;  Dakin’s  solution  discontinued  and 
gentian  violet  was  used  instead,  as  there  was  only  a  small  place  in  the  skin  to  close.  Septem¬ 
ber  2,  1921,  patient  healed;  looked  fine;  felt  strong;  appetite  was  good;  gaining  in  weight. 
October  1,  1921,  patient  granted  two  months’  leave  of  absence.  May  11,  1922,  patient,  after 
having  been  healed  eight  months,  discharged  cured. 


Fig.  78. — Case  5  :  Steps  in  the  closure  of  the  bronchial  fistula. 
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Fig.  79. — Case  5 :  Further 


operative  procedure  in  the  closure  of  the 
wound. 


Fig. 


80. — Case  5 :  The  final  closure  of  the  wound 
method  of  inserting  the  Carrel  tubes. 
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Factors  to  be  combated  were  streptococcus  hemolyticus,  extensive  collapse 
of  lung  with  an  almost  total  pneumothorax;  numerous  diverticula  and  recesses 
were  infected  and,  having  no  drainage,  were  the  foci  of  frequent  recurrence; 
sequestra  following  extensive  involvement  of  many  of  the  rib  stumps;  at  the 
time  of  the  first  fractional  operation  the  chest  wall  was  so  scarred  from  11  pre¬ 
vious  operations  and  there  was  such  extensive  cross-bone  formation  and 
bridging  that  operation  for  the  removal  of  these  structures  overlying  the 
cavity  was  made  extremely  difficult;  pleurobronchial  fistula  present. 

Case  6.— M.  C.  B.,  age  27  years.  April  26,  1918,  developed  pneumonia,  right  lower  lobe. 
May  1, 1918,  complication,  empyema,  right.  Aspirated  May  2,  1918,  and  500  c.  c.  of  fluid  removed. 
Aspirated  every  other  day  and  fluid 
removed  on  10  occasions.  May  28, 

1918,  intercostal  thoracotomy. 

Wound  drained  for  five  months  fol¬ 
lowing  this.  Patient  had  inter¬ 
mittent  dakinization.  August  15, 

1918,  bismuth  paste  injected  into 
cavity  and  wound  allowed  to  close. 

Capacity  of  cavity  at  this  time 
was  about  500  c.  c.  Wound  re¬ 
mained  closed  until  November, 

1918,  when  the  sinus  reopened  and 
drained  for  a  period  of  three  weeks. 

Sinus  again  allowed  to  close  and  re¬ 
mained  closed  until  March,  1919, 
when  it  was  again  opened  to  drain 
pus  until  the  latter  part  of  May, 

1919.  Cavity  remained  healed  until 
June,  1920.  June  11,  1920,  opera¬ 
tion  at  a  civilian  hospital  and  part 
of  the  sixth  rib  resected.  From  this 
time  until  he  was  admitted  to  the 
empyema  service,  Walter  Reed 
General  Hospital,  he  continued  to 
drain  pus  quite  freely.  January  10, 

1921,  admitted  to  empyema  service, 

Walter  Reed  General  Hospital. 

Condition  on  admission:  Patient 
anemic  and  undernourished;  highly 
septic;  weight,  132  pounds  (normal 
weight,  150  pounds).  Examination  of  chest  revealed  sinus  at  the  level  of  the  ninth  inter¬ 
space  in  the  posterior  axillary  line,  discharging  pus  freely.  Sinus  extended  upward  and 
backward  and  was  apparently  20  cm.  in  length.  Radiograph  of  chest  showed  resection  of  the 
sixth,  seventh,  and  eighth  ribs  and  a  partial  collapse  of  the  right  lung;  thickening  of  the  pleura 
from  the  base  to  the  apex;  definite  osteomyelitis  with  probably  sequestration  of  the  sixth  rib; 
the  sinus  passing  upward  and  backward  from  the  level  of  the  eighth  rib  and  terminating  in  an 
elongated  cavity  which  reached  the  fifth  interspace  posteriorly.  Measurements  of  the  capacity 
of  the  cavity  show  that  it  held  about  400  c.  c.  Clinical  laboratory  examination:  Wassermann, 
negative;  red  blood  count,  4,400,000;  white  blood  count,  12,850;  hemoglobin,  75  per  cent;  urine, 
negative;  blood  culture,  negative;  sputum,  negative  for  tubercle  bacilli;  culture  from  exudate  of 
cavity  showed  staphylococcus  aureus  and  streptococcus  hemolyticus. 

Patient  was  placed  on  active  dakinization  for  three  days  previous  to  operation.  January  13, 
1921,  partial  resection  of  the  eighth  and  ninth  ribs  for  drainage  purposes  only,  with  removal  of  the 
outer  and  lower  wall  of  the  cavity.  Following  this  operation,  patient  was  treated  intensively 
with  Dakin’s  solution  until  February  15,  1921,  when  the  second  step  of  the  operative  procedure 
was  done.  At  this  time  there  was  resection  of  the  fifth,  sixth  and  seventh  ribs,  posterior,  with  an 
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Fig.  S3. — Case  6  :  Muscle  suture. 


Fig.  82. — Case  6  :  The 


wound  preliminary  to  muscle  implantation. 
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excision  of  all  tissues  forming  the  roof  of  the  cavity.  Cavity  was  left  widely  open  and  actively 
dakinized.  April  8,  1921,  the  third  operative  step  was  undertaken.  Sections  of  third,  fourth, 
fifth,  and  sixth  ribs  were  removed.  Sterile  cultures  of  the  wound  having  been  obtained  prior  to 
operation,  it  was  thought  advisable  to  attempt  to  obliterate  the  upper  angle  of  the  cavity  by  muscle 
implantation;  so  a  part  of  the  erector  spinse  muscle  was  split  and  implanted  into  the  apex  of  the 
wound  and  sutured  in  place.  Practically  all  of  the  muscle  thus  implanted  was  retained  and  there 
was  but  little  sloughing.  The  lower  part  of  the  wound  seemed  to  be  obliterating  rapidly  and  the 
patient’s  general  condition  had  improved  considerably.  May  2,  1921,  X  ray  showed  an  osteo¬ 
myelitis  with  sequestration  of  the  terminal  end  of  the  previously  resected  third  rib.  Ihe  muscle 
body  which  had  been  implanted  filling  in  this  area  was  split  and  the  sequestration  removed. 
July  7,  1921,  operation.  A  small 
fistulous  tract  found  leading  down  to 
the  ninth  rib  stump.  This  portion 
of  the  rib  was  resected  and  a  plastic 
closure  of  the  lower  half  of  the 
wound,  by  implantation  of  the  con¬ 
tiguous  muscle  bodies,  was  done. 

The  skin  was  undermined  on  either 
side  and  brought  forward,  covering 
in  all  of  the  lower  half  of  the  wound. 

July  27,  1921,  operation;  plastic 

closure  of  the  upper  half  of  the 
wound  by  implantation  of  subscapu- 
laris  muscle;  sliding  skin  flap  from 
either  side  brought  forward  and 
sutured.  Rubber  tissue  drainage 
was  placed  in  the  line  of  closure  and 
a  firm  dressing  applied  to  the  wound. 

October,  1921,  patient  entirely  healed 
and  feeling  fine. 

At  the  time  of  the  first  plastic 
operation  the  capacity  of  the  cavity 
had  diminished  to  about  one-fourth 
of  its  original  size.  On  discharge 
the  X  ray  showed  moderate  collapse 
of  the  right  chest  wall;  a  rather 
marked  thickening  of  the  pleura  but 
no  cavity;  the  lung  was  well  ex¬ 
panded.  January  5,  1922,  patient 
discharged  cured,  after  having  been 
healed  three  months. 

Factors  to  be  combated  were  hemolytic  streptococcus  organism  present; 
osteomyelitis  with  rib  sequestration;  Beck’s  bismuth  paste  which  had  remained 
in  cavity  13  months;  three  diverticula  draining  into  main  cavity. 

Case  7. — C.  C.,  age  19  years.  January  22,  1921,  developed  measles.  February  12,  1921, 
complication,  mastoiditis.  February  14,  1921,  mastoidectomy.  February  lo,  1921,  complication, 
pneumonia.  April  29,  1921,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type. 
Aspirated  once.  May  3, 1921,  thoracotomy;  resection  of  10  cm.  of  seventh  rib,  right  anteiioi  axillary 
line,  with  the  institution  of  drainage  and  irrigation  of  cavity  with  Dakin’s  solution.  June  9,  1921, 
admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case,  poorly  nourished;  present  weight,  120  pounds 
(normal  weight,  140  pounds).  Examination  of  chest:  Sinus  discharging  pus,  right  seAenth  inter¬ 
space,  anterior  axillary  line;  drainage  not  dependent  in  this  case.  Radiographs  showed  partial 
collapse  of  the  right  lung  with  some  thickening  of  pleura  right  lateral  chest,  and  a  cavity  formation 
extending  from  the  fifth  to  tenth  rib  lateral  chest,  right.  Clinical  laboratory  examination:  Was- 
sermann,  negative;  sputum,  negative  for  tubercle  bacilli;  red  blood  count,  4,540,000;  Avhrte  blood 
count,  10,350;  urine,  negative;  culture  from  cavity  showed  heavy  growth  of  hemolytic  streptococci. 
Blood  pressure:  Systolic,  124;  diastolic,  78;  pulse  pressure,  4G.  Vital  capacity  reading,  2,400  c.  c. 


346 


SURGERY. 


June  28,  1921,  operation;  resection  of  ninth  and  tenth  ribs,  midscapular  line,  right  chest,  and 
the  institution  of  proper  drainage;  cavity  left  open  for  Carrel-Dakin  technique  for  its  sterilization. 
November  8,  1921,  operation;  resection  of  15  cm.  of  sixth,  seventh,  eighth,  and  ninth  ribs,  posterior 
axillary  line,  right  chest,  with  the  removal  of  thickened  pleura  over  a  cone-shaped  secondary 
cavity;  discission  of  visceral  pleura  to  allow  lung  expansion;  skin  inverted  over  muscles  to  save 
them  for  final  closure  and  to  render  dressings  less  painful;  preparation  of  cavity  for  dakinization. 
December  13,  1921,  operation;  secondary  closure  of  muscle  and  skin  with  a  portion  of  the  infra¬ 
spinatus  and  subscapularis  muscles  implanted  into  the  upper  portion  of  the  secondary  cavity, 
which  was  not  completely  obliterated  by  lung  expansion;  the  muscle  and  skin,  saved  at  former 
operation,  then  brought  in  apposition  and  the  entire  area  was  closed  with  rubber  dam  drainage 
between  sutures;  skin  scarified  to  cause  relaxation  and  to  prevent  suture  sloughing.  December 
28,  1921,  patient  entirely  healed;  feeling  fine;  appetite  good  and  taking  on  weight  rapidly.  Radio¬ 
graph  showed  total  obliteration  of 
the  cavity  and  lung  well  expanded. 
January  20,  1922,  general  condition 
excellent;  weight  on  admission  to 
this  hospital  was  120  pounds;  present 
weight,  170  pounds;  vital  capacity 
reading  3,300  c.  c.  March  3,  1922, 
empyema  healed.  Patient  trans¬ 
ferred  to  the  ear,  nose,  and  throat 
service  for  treatment  for  old  salivary 
fistula  at  lower  end  of  old  mastoid 
wound.  June  30,  1922,  patient 
returned  to  empyema  service  for 
disposition.  Fistula  healed.  Em¬ 
pyema  healed.  Patient  ready  for 
discharge. 

Factors  to  be  combated 
were  hemolytic  streptococcus 
organism  present;  secondary 
cavity  draining  pus  into  main 
cavity;  primary  drainage  was 
not  dependent;  additional 
aspirations  should  have  been 
done  by  negative  pressure 
before  rib  resection  and  lung 
collapse. 


Fig.  85.  Case  8:  The  wound  before  final  closure,  showing  a  per-  p.or  q  t>  Oo 

sistent  bronchial  fistula.  ^  8-~S-  R>  aSe  28  years- 

March  30,  1918,  developed  pneu¬ 
monia.  April  3, 1918,  complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type. 
Aspirated  once.  April  3,  1918,  intercostal  thoracotomy,  seventh  interspace,  midaxillary  line; 
drainage  instituted;  daily  irrigation  with  Dakin’s  solution  and  dichloramine.  June  10,  1918, 
another  cavity  found  draining  into  the  one  that  was  opened,  making  capacity  450  c.  c.;  Dakin 
tubes  inserted  and  classical  Carrel-Dakin  technique  for  the  sterilization  of  wounds  instituted 
through  primary  incision. 

Daily  aspiration  of  other  areas  of  chest  caused  the  cavity  wound  to  close  and  the  cavity  to 
again  fill  with  pus;  drainage  reinstituted  by  opening  the  original  wound.  Formalin  and  glycerin 
(2  per  cent)  were  used  but  no  improvement  was  noted.  Treated  by  this  method  of  procedure  for 
some  time,  and  when  wound  would  close  negative  pressure  treatment  was  tried. 

January  14,  1919,  operation;  resection  of  a  portion  of  the  ninth  rib,  right  posterior  axillary  line; 
dependent  drainage  instituted  and  active  dakinization  started.  August  19,  1919,  decortication 
operation  with  fish-hook  incision  and  resection  of  fourth,  fifth,  sixth,  seventh,  eighth,  ninth,  tenth, 
and  eleventh  ribs;  outer  wall  of  cavity  removed  en  masse;  visceral  pleura  decorticated;  muscle 
and  skin  closure  with  one  drainage  tube  in  dependent  portion  of  wound.  September  23,  1919, 
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healed.  January  10,  1920,  wound  reopened.  Large  cavity  present;  bronchial  fistula  noted; 
hemoptysis  with  persistent  cough;  almost  impossible  to  irrigate  the  cavity  with  any  solution,  due 
to  the  fistula.  August  19,  1919,  diagnosed  as  chronic  parenchymatous  nephritis  in  conjunction 
with  empyema;  cavity  kept  open  and  irrigated  in  spite  of  patent  fistula.  Hemoptysis  persisted; 
dressed  and  treated  in  the  manner  stated  until  November  1,  1920.  November  20,  1920,  admitted 
to  empyema  service,  AValter  Heed  General  Hospital. 

Condition  on  admission:  Ambulatory  case,  anemic,  highly  septic,  poorly  nourished;  present 
weight,  117  pounds  (normal  weight,  147  pounds).  Persistent  cou  gh,  with  frequent  expectoration  of 
purulent  blood  tinged  sputum.  Examination  of  chest  revealed  marked  deformity  in  the  contour 
of  the  right  chest  wall  due  to  collapsing  operation.  A  sinus  was  present  discharging  pus,  posterior 
scapular  line  at  a  level  corresponding  to  eighth  rib.  Radiographs  showed  marked  collapse  of  right 
lung  with  extensive  thickening  of  pleura,  right  chest,  from  apex  to  base,  and  a  long  cavity  forma¬ 
tion  extending  from  the  second  to 
the  ninth  rib  lateral  chest,  with  a 
capacity  of  300  c.  c.  A  large  pleuro- 
bronchial  fistula  present  and  some 
regeneration  and  overlapping  of  rib 
stumps  with  osteomyelitic  changes. 

Clinical  laboratory  examination: 

Wasserman  n ,  negative ;  sputum, 
negative  for  tubercle  bacilli;  white 
blood  count,  12,300;  red  blood 
count,  3,480,000;  urine  showed 
heavy  trace  of  albumin;  culture 
from  cavity  showed  heavy  growth 
of  hemolytic  streptococcus.  Blood 
pressure:  Systolic,  148;  diastolic,  90; 
pulse  pressure,  58.  Vital  capacity 
reading,  1,500  c.  c. 

November  29,  1920,  operation; 
incision  along  old  posterior  scar 
line  and  extended  by  a  U-like 
figure  to  anterior  axillary  line; 
entire  cavity  laid  wide  open;  ex¬ 
cision  of  all  thickened  pleura  form¬ 
ing  roof  of  cavity;  skin  and  remain¬ 
ing  muscle  tissue  saved  for  final 
closure.  A  fistula  was  noted,  and 
the  contiguous  lung  was  mobilized. 

Preparation  of  cavity  for  active 
dakinization.  January  20, 

1921,  operation:  resection  of  10  cm.  of  second,  third,  fourth,  and  fifth  ribs  in  the  posterior  scap¬ 
ular  line,  right  chest;  implantation  of  a  portion  of  the  levator  anguli  scapulae  and  erector  spinae 
muscles  into  the  apex  of  cavity  over  pleurobronchial  fistula;  and  closure  of  upper  aspect  of  cavity 
with  muscle  and  skin;  cavity  about  sterile  but  active  dakinization  continued  in  lower  aspect,  which 
was  left  open.  June  1,  1921,  secondary  closure  of  remaining  wound;  severed  superficial  muscles 
and  skin  brought  in  apposition  and  sutured;  rubber  tube  and  rubber  dam  drainage  for  48  hours; 
multiple  scarifications  of  skin  to  cause  relaxation.  July  12,  1921,  operation;  fistula  still  patent; 
small  incision  over  posterior  aspect  in  old  scar  line;  lung  mobilized  about  fistula;  tract  ligated  by 
means  of  purse  string,  and  another  muscle  flap  implanted  over  area  of  closed  fistula;  wound  packed 
and  allowed  to  granulate.  August  4,  1921,  fistula  still  patent.  Treated  with  2  per  cent  alchoholic 
solution  of  gentian  violet.  The  next  day  the  communication  was  closed  and  remained  closed. 
Wound  granulated  and  was  entirely  healed  on  August  22,  1921.  September  30,  1921,  all  cavity 
formation  obliterated;  lung  well  expanded  and  fistula  remaining  closed;  patient  gaining  weight; 
general  condition  excellent.  October  10,  1921,  patient  cured;  present  weight,  140  pounds;  general 
condition  excellent;  vital  capacity,  2,300  c.  c.  January  7,  1922,  patient  discharged  as  cured,  after 
having  been  healed  four  months. 

45267° — 24 - 23 


348 


SURGERY 


Fig,  87. — Case  8  : 


The  final  skin  suture. 


Fig.  88. — Case  8 


Final  result, 
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Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present; 
osteomyelitis;  nephritis;  pleurobronchial  fistula;  marked  destruction  of  soft 
tissues,  and  deformity  of  chest  wall. 

Case  9. — H.  T.,  age  24  years.  January  22,  1919,  developed  influenza,  followed  by  lobar 
pneumonia.  January  26,  1919,  complication,  empyema,  right  pleural  cavity,  hemolytic  strepto¬ 
coccus  type.  Later,  developed  otitis  media,  acute,  catarrhal,  right. 

Prior  to  his  admission  to  the  empyema  service,  Walter  Reed  General  Hospital,  the  patient  had 
four  operations  with  resection  of  the  fourth  to  tenth  ribs,  inclusive.  November  26,  1920,  admitted 
to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory;  general  condition  good;  weight,  127  pounds  (normal 
weight,  140  pounds).  Examination  of  chest  revealed  a  sinus,  discharging  pus,  tenth  interspace. 
Radiograph  showed  marked  collapse 
of  right  chest  wall  with  elongated, 
bismuth-filled  cavity,  approximately 
16  cm.  in  length  and  2.5  cm.  at  its 
widest  portion,  in  the  lateral  portion 
of  the  chest  just  under  the  soft  tissue 
covering,  and  extending  from  the 
tenth  interspace  to  the  fifth  inter¬ 
space,  axillary  line.  There  had 
been  a  resection  of  the  fourth  to 
tenth  ribs,  right  side.  Cavity  showed 
smooth  outlines  with  no  evidence 
of  diverticula  or  bronchial  fistulae. 

Clinical  laboratory  examination : 

Wassermann,  negative;  sputum, 
negative  for  tubercle  bacilli;  urine, 
negative;  red  blood  count,  4,880,000 ; 
white  blood  count,  8,800;  hemo¬ 
globin,  85  per  cent.  Blood  pres¬ 
sure:  Systolic,  120;  diastolic,  80; 
pulse  pressure,  40.  Vital  capacity 
reading  not  taken.  Culture  from 
cavity  showed  hemolytic  strepto¬ 
coccus  and  staphylococcus  aureus. 

December  2,  1920,  the  first  step 
of  the  fractional  type  operation 
was  accomplished.  The  upper 
angle  of  the  wound  was  attacked; 
ribs  Were  resected  and  the  old  ^  a*.  89. — Case  9  :  J  he  wound  before  nxuscle  implantation  and  skin 

cavity  was  laid  widely  open  at  this 

point.  Portions  of  the  serratus  magnus,  the  rhomboideus  major  and  subcapularis  muscles  were 
implanted  immediately  into  the  cavity  and  sutured  into  place.  The  muscle  bodies  held  and 
there  was  practically  no  sloughing  following  this  operation.  January  17,  1921,  an  incision  at  the 
lower  angle  of  the  old  wound  was  made,  the  scar  tissue  was  excised,  and  multiple  sinuses  were 
found  leading  in  all  directions.  Sinuses  were  curetted  and  the  wound  left  open.  Patient  placed 
on  active  dakinization.  His  condition  seemed  to  be  improving  somewhat  and  it  was  decided  to 
refrain  from  further  operative  procedure  until  there  was  a  more  definite  improvement  in  the  general 
condition.  Capacity  of  cavity  at  this  time  was  200  c.  c.  April  5,  1921,  resection  of  third  to  eighth 
ribs  over  anterior  and  lateral  chest  wall;  cavity  laid  wide  open.  The  apex  of  cavity  was  found  to 
be  obliterated  following  the  muscle  implantation  at  previous  operation.  July  6,  1921,  cavity 
obliterated,  but  there  was  found  evidence  of  osteomyelitis  of  the  seventh,  eighth,  and  ninth 
rib  stumps;  necrotic  rib  stumps  resected.  July  27,  1921,  a  sliding  skin  flap,  with  its  subcutaneous 
fat,  was  twisted  on  its  pedicle  and  transplanted  into  the  lower  angle  of  the  wound,  entirely  closing 
this  part  of  the  cavity.  A  small  part  of  the  cavity  remaining  above  this  point  could  be  obliterated 
by  lung  expansion  on  forced  inspiration  of  the  patient.  September  19,  1921,  sinus  tract  allowed  to 
close,  as  patient  had  had  seven  consecutive  daily  sterile  cultures.  November  1,  1921,  patient 


350 


SURGERY 


Fig.  90. — Case  9:  Stages  in  the  final  closure. 


Fig.  91. — Case  9:  The  final  skin  suture,  with  the  one  Carrel  tube  for 

irrigation. 
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entirely  healed.  December  6,  1922,  patient  given  a  30-day  leave.  January  6,  1922,  returned  from 
leave  feeling  line,  entirely  healed;  ready  for  discharge  from  hospital.  January  31,  1922,  patient 
discharged  from  hospital  cured  this  date.  X-ray  picture  taken  prior  to  discharge  showed  rather 
marked  collapse  of  chest  wall,  especially  at  the  base,  but  no  evidence  of  cavity. 

Factors  to  be  combated  were  hemolytic  streptococcus  and  staphylococcus 
aureus  present;  osteomyelitis  of  terminal  rib  stumps. 


Case  10. — J.  S.,  age  19  years.  February  2,  1921,  developed  pneumonia.  February  15,  1921, 
complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type.  Aspirated  six  times. 
May  10,  1921,  thoracotomy;  trocar  canula,  with  the  introduction  of  a  small  catheter  into  cavity 
to  institute  drainage.  At  a  subsequent  date  the  opening  was  enlarged  and  by  this  method  of 
procedure  the  patient  was  treated  and  irrigated  once  daily  through  two  drainage  tubes.  July  3, 
1921,  admitted  to  the  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission :  Ambula¬ 
tory  case;  poorly  nourished;  present 
weight,  133  pounds,  (normal  weight, 

170  pounds).  Examination  of  chest 
revealed  a  sinus  discharging  pus,  8th 
interspace,  posterior  axillary  line, 
right  chest.  Radiographs  showed 
marked  collapse  of  right  lung  with 
some  thickening  of  pleura  right  lat¬ 
eral  chest,  and  a  cavity  formation 
extending  from  fifth  to  tenth  rib, 
right  chest;  osteomyelitis,  eighth  rib, 
with  sequestration.  Clinical  labora¬ 
tory  examination:  Wassermann  nega¬ 
tive;  sputum  negative  for  tubercle 
bacilli;  white  blood  count,  14,000; 
red  blood  count,  4,500,000;  urine 
negative;  culture  from  cavity  showed 
hemolytic  streptococci.  Blood  pres¬ 
sure:  Systolic,  122;  diastolic,  80; 
pulse  pressure,  42.  Vital  capacity 
reading,  2,200  c.  c. 

July  8,  1921,  operation;  resection 
of  10  cm.  of  seventh  and  eighth  ribs, 
posterior  scapular  line,  right  chest; 
cavity  opened  and  about  50  c.  c.  of 
pus  evacuated;  cavity  left  open  and 
preparation  made  for  dakinization. 

September  8,  1921,  operation;  re¬ 
section  of  15  cm.  fifth  and  sixth  ribs; 
excision  of  thickened  parietal  pleura 
forming  roof  of  cavity;  discission  of  visceral  pleura  to  allow  lung  expansion;  skin  inverted  over 
muscle  to  preserve  it  for  final  closure;  and  preparation  of  cavity  for  the  Carrel-Dakin  technique 
for  its  sterilization.  October  14,  1921,  patient  developed  a  pericarditis  with  effusion,  accompa¬ 
nied  by  some  myocardial  involvement.  Treatment  by  rest  in  bed  with  an  ice  cap  to  heart  and 
the  administration  of  morphine  sulphate  to  control  pain.  October  20,  1921,  patient  improving; 
heart  compensating  for  the  overwork  put  upon  it;  effusion  being  absorbed;  pain  now  controlled 
by  ice  cap.  October  30, 1921,  has  taken  care  of  his  complete  effusion  in  pericardium;  heart  normal 
in  size  and  function.  December  7,  1921,  operation;  plastic  closure  with  portion  of  the  latissimus 
dorsi  and  infraspinatus  muscles  implanted  into  small  remnant  of  cavity  that  was  not  completely 
obliterated  by  lung  expansion.  Cavity  sterile  after  seven  daily  consecutive  cultures.  Muscle 
and  skin  closure.  December  20,  1921,  patient  completely  healed;  feeling  well;  appetite  im¬ 
proved;  gradual  gain  in  weight;  present  weight,  142  pounds;  heart  showed  no  ill  effects  from  per¬ 
icarditis  with  effusion  and  there  was  no  recurrence.  January  30,  1922,  patient  healed;  general 
condition  excellent;  weight  150  pounds;  vital  capacity  reading,  3,500  c.  c.  May  16,  1922,  patient 
discharged  cured,  after  having  been  healed  four  and  a  half  months. 


Fig.  92. — Case  9 :  The  final  result. 
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Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  osteomyelitis  with  rib  sequestration;  pericarditis  with  effusion;  pri¬ 
mary  drainage  not  dependent;  cavity  with  a  capacity  of  350  c.  c. 

Case  11. — R.  C.  W.,  age  30  years.  Received  gunshot  wound,  multiple,  right  chest  and  right 
leg  October  6,  1918,  in  action.  October  17,  1918,  developed  bronchopneumonia,  traumatic,  com¬ 
plicated  by  empyema.  Aspirated  twice.  November  1,1918,  thoracotomy  with  resection  of  one 
and  one  half  inches  tenth  right  rib.  Lower  wound  allowed  to  close,  but  pus  continued  to  drain 
through  upper  gunshot  wound  of  chest.  December  8,  1918,  operation;  thoracotomy  with  resection 
of  part  of  eighth  right  rib.  Dakinization  attempted  but  not  continued  because  of  pleurobronchial 
fistula.  April  8,  1919,  operation;  resection  of  part  of  seventh  right  rib,  midaxillary  line;  tube 
drainage.  July  5,  1919,  resection  of  fifth,  sixth,  and  seventh  right  ribs,  midaxillary  line;  daki¬ 
nization  of  wound  followed.  Drainage  of  wound  continued;  various  antiseptic  solutions  being 
used,  including  gentian  violet  and  bismuth  paste.  The  cavity  remained  unobliterated  and 

patient  continued  to  drain  pus. 
January  20,  1921,  admitted  to  empy¬ 
ema  service,  Walter  Reed  General 
Hospital. 

Condition  on  admission:  General 
condition  good.  Examination  of 
chest  showed  a  sinus  at  level  of  the 
eighth  rili,  posterior  axillary  line, 
right  chest.  Sinus  too  small  to  admit 
tube  drainage.  Profuse  discharge  of 
thick  pus  on  dressing.  Radiograph 
showed  a  partial  resection  of  parts  of 
the  fifth,  sixth,  seventh  ribs  anterior 
axillary  line  with  resection  of  part  of 
the  ninth  rib;  a  proliferation  of  the 
rib  ends  with  union  and  cross  union 
of  previously  resected  ribs;  cavity 
running  posteriorly  along  the  dia¬ 
phragm,  then  upward  to  sixth  rib 
posteriorly;  cavity  lying  about  the 
scapular  line  and  about  6  cm.  from 
the  midline  of  spine;  thickened 
pleura  over  entire  right  chest.  Ca¬ 
pacity  of  cavity  about  500  c.  c. 
Clinical  1  aboratory  e  xamination : 
Wassermann  negative;  sputum  nega¬ 
tive  for  tubercle  bacilli;  urine  nega- 

, ,  .  ,  , .  tive;  culture  from  cavity  showed 

Fig.  93. — Case  11:  The  wound  before  muscle  implantation  and  skin  suture.  ...  ,  ....  ,  . 

Gram-positive  bacilli;  no  hemolytic 

streptococci;  staphylococcus  aureus  present.  Blood  pressure:  Systolic,  130;  diastolic,  84.  Vital 
capacity  2,400  c.  c. 

February  2,  1921,  incision  along  old  sinus  tract;  resection  of  sixth,  seventh,  eighth  ribs  over 
cavity;  exposure  of  entire  cavity  with  removal  of  parietal  pleura  and  intercostal  tissues;  excision 
of  sinus  tract;  discission  of  Arisceral  pleura:  cavity  and  wound  packed  with  gauze;  Carrel  tubes 
placed  and  dakinization  of  cavity  started. 

The  extent  of  the  cavitation  may  be  judged  by  the  fact  that  at  the  daily  dressing  42  Carrel 
tubes  were  laid  in  the  cavity  between  the  layers  of  gauze. 

The  cavity  became  clinically  and  bacteriologically  clean  within  a  short  time,  and  its  capacity 
diminshed  with  remarkable  rapidity.  At  the  time  of  the  first  plastic  operation,  April  1,  the  cavity 
had  obliterated  about  50  per  cent.  Frequent  scarifications  of  the  visceral  pleura  were  made  and 
this  apparently  hastened  the  obliterative  process  by  permitting  reexpansion  of  the  underlying  lung. 
April  1,  1921,  removal  of  sequestrum  of  eighth  rib.  The  cavity  being  sterile,  a  plastic  closure 
of  the  upper  angle  of  the  cavity  was  done;  contiguous  muscle  bodies  at  the  lateral  margin  of  the 
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Fig.  94. — Case  11  :  The  method  used  for  muscle  implantation. 


Fig.  95. — Case  11  :  The  final  suture  of  the  skin. 
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wound  were  partially  split  and  swung  into  the  cavity  and  sutured  in  situ  to  the  visceral  pleura 
and  sides  of  the  wound.  Following  this  implantation,  there  was  slight  superficial  necrosis  of  the 
muscle  implant,  but  the  greater  part  of  it  became  adherent  and  obliterated  in  the  upper  half  of 
the  wound  and  cavity.  June  3,  1921,  plastic  closure  of  remaining  cavity  in  its  lower  half.  The 
upper  half  was  now  completely  obliterated  from  the  previous  plastic  operation.  Plastic  closure 
was  done,  as  in  the  upper  half,  by  the  implantation  of  a  large  muscle  plane.  The  skin  and  super¬ 
ficial  tissues  were  brought  into  apposition  and  the  wound  was  closed  with  rubber  tissue  drainage. 
The  wound  healed  with  the  exception  of  a  small  sinus  which  persisted  and  continued  to  drain  a 
slight  amount  of  seropurulent  exudate.  July  12,  1921,  incision  along  lower  part  of  old  scar,  laying 
open  a  branched  sinus  tract.  This  tract  was  lined  with  infected  granulations,  but  no  rib  involve¬ 
ment  could  be  found.  Tract  was 
curetted  and  left  open  for  Dakin 
treatment.  The  old  cavity  was  found 
to  be  practically  obliterated.  Sep¬ 
tember  16,  1921,  operation;  final 
plastic  procedure  to  restore  contour 
of  chest  wall;  small  gutter  depression 
along  lower  part  of  old  cavity  closed 
by  suture  of  opposing  muscle  bodies 
and  skin.  Recovery  uneventful; 
wound  completely  healed  in  two 
weeks  following  last  plastic  operation. 
Patient  granted  several  sick  leaves 
and  kept  under  observation  until 
May  11, 1922,  when  he  was  discharged 
as  cured,  having  been  healed  seven 
months. 

Terminal  examination  showed 
no  cavity  formation,  either  clinically 
or  by  radiograph.  Fair  lung  expan¬ 
sion  on  the  involved  side.  There 
was  but  slight  deformity  of  the  chest 
wall.  General  condition  of  patient 
excellent. 

Factors  to  be  combated 
were  hemolytic  streptococcus, 
staphylococcus  aureus  and 
pyocyaneus  organisms  present 
prior  to  admission;  extremely 
large  cavity;  osteomyelitis 
with  sequestration  of  rib 
stumps;  marked  lung  collapse, 
with  dense  adhesions  and  great¬ 
ly  thickened  visceral  pleura. 

Case  12. — A.  M.,  age  22  years.  March  22,  1919,  developed  pneumonia.  March  27,  1919, 
complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type.  Aspirated  five  times 
April  14,  1919,  operation;  thoracotomy,  resection  of  10  cm.  of  eighth  rib  midaxillary  line, 
right  chest;  800  c.  c.  of  pus  evacuated  and  drainage  instituted  by  double  tube  method;  irrigations 
with  Dakin’s  solution.  November  10,  1919,  admitted  to  empyema  service,  Walter  Reed  General 
Hospital. 

Condition  on  admission:  Ambulatory  case,  fairly  well  nourished  but  slightly  anemic  and  under 
weight;  weight  on  admission,  148  pounds  (normal  weight,  165  pounds);  some  edema  and  tenderness 
of  joints  of  extremities ;  valvular  heart  disease,  mitral  insufficiency,  in  conjunction  with  myocarditis. 
Examination  of  chest:  Sinus  discharging  pus  eighth  interspace,  midaxillary  line,  right  chest, 
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and  a  large  cavity  formation  present.  Radiographs  showed  marked  collapse  of  right  lung  with 
extensive  thickening  of  parietal  pleura  from  apex  to  base;  large  cavity  formation  extending  from 
fifth  rib  to  base  right  posterior  chest,  the  same  being  partially  fdled  with  pus,  drainage  not  depend¬ 
ent,  capacity  of  cavity  about  400  c.  c. ;  some  displacement  of  heart  to  the  right.  Clinical  laboratory 
examination:  Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count, 
9,250;  red  blood  count,  4,350,000;  urine  negative;  culture  from  cavity  showed  hemolytic  strep¬ 
tococcus.  Blood  pressure:  Systolic,  116;  diastolic,  90;  pulse  pressure,  26.  Vital  capacity  reading 
not  taken. 

Patient  put  on  active  dakinization,  and  a  high  caloric  diet  to  improve  general  condition. 
Cultures  were  taken  from  the  cavity  daily  to  determine  to  what  degree  the  Dakin’s  solution  con¬ 
trolled  the  bacteria.  Drainage  not  dependent,  hence  there  was  no  improvement.  Operative 
procedure  was  advised,  but  the  patient  refused  operation  and  requested  discharge  from  the  service 
March  15,  1920,  discharged  from  serv¬ 
ice,  condition  unchanged.  December 
6,  1920,  readmitted  to  empyema 

service.  Condition  on  readmission 
unchanged.  Patient  requested  oper¬ 
ation.  December  15, 1920,  operation; 
resection  of  15  cm.,  sixth,  seventh, 
eighth  ribs,  posterior  axillary  line, 
left  chest;  excision  of  thickened, 
parietal  pleura  forming  roof  of  cav¬ 
ity;  cavity  laid  wide  open;  discission 
of  visceral  pleura  ;  skin  inverted  over 
muscle  to  preserve  it  for  final  closure; 
multiple  scarification  of  skin  to  cause 
relaxation,  and  preparation  of  cavity 
for  active  dakinization.  Patient  de¬ 
veloped  profound  shock  following  op¬ 
eration.  All  active  measures  to  combat 
shock  were  instituted,  but  in  spite  of 
them  the  patient  died  two  hours  later. 

Factors  to  be  combated  in 
this  case  were  hemolytic  strep¬ 
tococcus  organism  present; 
valvular  heart  disease,  mitral 
insufficiency,  in  conjunction 
with  myocarditis;  osteomy¬ 
elitis  of  seventh  and  eighth 
ribs;  drainage  not  dependent. 


Case  13. — C.  A.  M.,  age  19  years. 

January  25,  1920,  developed  pneu¬ 
monia.  February  1,  1920,  complication  empyema,  right  pleural  cavity,  hemolytic  streptococcus 
type.  Aspirated  five  times.  May  5,  1920,  thoracotomy;  resection  of  5  cm.  of  eighth  rib.  Inter¬ 
mittent  dakinization;  drainage  continued  up  to  time  of  admission  to  Walter  Reed  General  Hospital. 

Condition  on  admission:  General  condition  good;  slight  anemia;  weight  200  pounds  (normal). 
Examination  of  chest  revealed  sinus  discharging  pus  at  the  level  of  the  eighth  rib,  midaxillary 
line,  right  side.  X-ray  examination  showed  sinus  at  the  level  of  the  eighth  rib  leading  into  a 
cavity  about  20  cm.  in  depth  which  extends  backward  and  upward  following  the  course  of  the 
seventh,  eighth,  and  ninth  ribs.  Capacity  of  cavity  250  c.  c.  Clinical  laboratory  examination: 
Wassermann  negative;  urine  negative;  sputum  negative  for  tubercle  bacilli;  red  blood  count, 
4,500,000;  white  blood  count,  5,200;  hemoglobin  75  per  cent;  culture  from  cavity  showed  strep¬ 
tococcus  hemolyticus.  January  17, 1921,  resections  of  20  cm.  of  the  eighth,  ninth,  and  tenth  ribs 
with  excision  of  sinus  tract  leading  to  the  spinal  gutter.  A  second  sinus  tract  was  found  leading 
to  the  posterior  diaphragmatic  sidcus.  The  original  sinus  and  ribs  surrounding  it  were  not  touched 
at  this  operation;  cavity  left  wide  open  for  active  dakinization.  March  14,  1921,  second  step  of 


Fig.  97. — Case  13 :  A  large  cavity  prepared  for  closure,  showing  the 
depth  of  the  space  to  be  obliterated. 
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Fig.  98. — -Case  13:  Muscle  implantation. 


Fig.  99. — Case  13 :  Final  suture  of  the  skin  flaps 
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fractional  operation  done;  excision  of  sinus  tract  with  resection  of  about  10  cm.  of  ninth  rib;  cavity 
left  open  for  dakinization.  Following  these  operations,  patient  obliterated  his  cavity  rapidly. 
May  12,  1921,  the  cavity  at  this  time  was  less  than  one-fourth  its  original  size;  a  plastic  closure  was 
done;  implantation  of  part  of  the  serratus  magnus,  to  fill  the  remaining  unobliterated  portion,  and 
sliding  skin  flaps  were  brought  forward  from  each  side  and  sutured.  June  5,  1921,  wound  healed; 
general  condition  excellent.  August  11, 1921,  patient  discharged,  cured,  after  having  been  healed 
two  months. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  osteomyelitis  of  terminal  rib  stumps;  diverticula  or  accessory  pockets. 

Case  14. — P.  B.,  age  23  years.  January  30, 1921,  developed  pneumonia.  February  25, 1921, 
complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type.  Aspirated  twice. 
March  31,  1921,  operation;  thoracotomy;  resection  of  10  cm.  of  sixth  rib,  anterior  axillary  line, 
right  chest;  institution  of  drainage, 
and  daily  irrigations  of  cavity  with 
Dakin’s  solution.  Admitted  June  9, 

1921,  to  empyema  service,  Walter 
Reed  General  Hospital. 

Condition  on  admission :  Ambula¬ 
tory  case;  poorly  nourished ;  anemic; 
weight,  117  pounds.  Examination 
of  chest  revealed  sinus  discharging 
pus  sixth  interspace,  anterior  axillary 
line,  right  chest;  pleurobronchial 
fistula  present,  and  large  cavity 
formation  with  a  capacity  of  450  c.  c. 

Radiographs  showed  marked  collapse 
of  the  right  lung  with  extensive 
thickening  of  the  lateral  aspect  of  the 
right  parietal  pleura  from  apex  to 
base,  and  a  cavity  formation  ex¬ 
tending  from  the  second  to  the  tenth 
rib.  Drainage  inadequate  and  not 
dependent.  Clinical  laboratory  ex¬ 
amination  :  Wassermann  negative ; 
sputum  negative  for  tubercle  bacilli ; 
white  blood  count,  13,750;  red  blood 
count,  4,210,000;  urine  negative; 
culture  from  cavity  showed  hemo¬ 
lytic  streptococcus.  Blood  pressure; 

Systolic,  128;  diastolic,  78;  pulse 
pressure,  50.  Vital  capacity  reading, 

1,800  c.  c. 

June  28, 1921,  operation ;  resection 
of  10  cm.  of  ninth  and  tenth  ribs, 
midscapular  line,  right  chest;  cavity 
left  open  for  active  dakinization.  October  13,  1921,  resection  of  10  cm.  of  sixth,  seventh, 
and  eighth  ribs  posterior  axillary  line,  right  chest;  excision  of  thickened  parietal  pleura 
forming  roof  of  cavity;  skin  inverted  over  muscles  which  were  severed;  cavity  left  open  for  active 
dakinization;  fistula  found  closed  since  first  operation,  under  treatment  with  gentian  violet. 
December  2,  1921,  operation;  resection  of  10  cm.  of  fifth,  sixth,  seventh,  eighth,  ninth  and  5  cm. 
of  the  tenth  and  eleventh  ribs,  postscapular  line,  right  chest,  with  the  implantation  of  a  portion  of 
the  latissimus  dorsi  into  the  apex  of  cavity,  after  discission  of  visceral  pleura  had  been  done. 
Partial  closure  of  muscle  and  skin  over  upper  aspect  of  cavity;  lower  portion  left  open  for  active 
dakinization.  January  25,  1922,  secondary  closure  of  skin  and  muscle,  lower  portion  of  cavity; 
rubber  dam  drainage,  with  Carrel  tube  in  most  dependent  portion.  February  8,  1922,  patient 
developed  myocarditis,  and  appropriate  treatment  for  this  condition  was  instituted.  Empyema 
closed;  lung  well  expanded;  all  cavity  formation  obliterated.  May  1,  1922,  patient  improving; 
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myocarditis  clearing  up;  empyema  entirely  healed;  and  general  condition  good.  June  5,  1922, 
patient  discharged  from  hospital  cured.  Weight  on  admission,  117  pounds;  weight  on  discharge, 
137  pounds.  Condition  good;  all  cavity  formation  obliterated:  lung  well  expanded;  vital  capacity 
reading,  2,900  c.c.;  myocarditis  greatly  improved.  Empyema  completely  cured;  discharged 
cured  June  5,  1922. 

Factors  to  be  combated  were  hemolytic  streptococcus  organism  present; 
osteomyelitis  with  rib  sequestration;  secondary  cavity  formation;  pleuro- 
bronchial  fistula  present;  myocarditis,  chronic. 

Case  lo.  J.  C.,  age  28  years.  September  15,  1918,  developed  influenza  and  pneumonia. 
October  10,  1918,  complication,  empyema,  left  pleural  cavity,  hemolytic  streptococcus  type. 
Aspirated  twice.  October  16,  1918;  operation;  thoracotomy;  resection  of  a  portion  of  the  sixth  rib, 
midaxillary  line;  institution  of  drainage;  and  the  irrigation  of  the  cavity  with  Dakin’s  solution! 

November  17,  1918,  a  secondary 

drainage  operation  was  done,  with 
removal  of  a  portion  of  the  seventh 
rib.  August  22,  1919,  decortication 
operation  with  resection  of  portion 
of  fifth,  sixth,  seventh,  eighth, 
ninth,  and  tenth  ribs;  and  drainage 
of  the  lower  aspect  of  the  cavity. 
September  17,  1920,  resection  of  an 
additional  portion  of  eighth  rib 
stump  and  the  resection  of  5  cm.  of 
the  third  and  fourth  ribs,  posterior 
scapular  line,  left  chest.  Following 
this  the  patient  would  heal  and 
break  down,  with  a  persistent  ex¬ 
pectoration  of  blood  from  pleuro- 
pulmonary  communications.  Feb¬ 
ruary  10,  1921,  admitted  to  empyema 
service,  Walter  Reed  General 
Hospital. 

Condition  on  admission :  Ambula¬ 
tory  case;  anemic;  poorly  nourished; 
present  weight  127  pounds  (normal 
weight  145  pounds) ;  extremely  toxic 
with  renal  complications,  chronic 
interstitial  nephritis.  Examination 
of  chest  revealed  great  deformity  in 
the  contour  of  the  left  lateral  chest 
with  an  “ax  chop’’  appearance 
and  a  sinus  discharging  pus, 
midaxillary  line.  Radiographs 
showed  marked  collapse  of  the  left  lung  with  extensive  thickening  of  the  pleura  from  apex 
to  base,  and  a  cavity  formation  extending  from  the  third  to  the  eighth  rib,  left  lateral  chest,  hav¬ 
ing  a  capacity  of  250  c.c.  A  pleurobronchial  fistula  was  present  and  osteomyelitis  of  resected  rib 
stumps  noted.  Clinical  laboratory  examination:  Wassermann  negative;  sputum  negative  for 
tubercle  bacilli;  white  blood  count,  13,560;  red  blood  count,  3,970,000;  urine  showed  heavy  trace  of 
albumin  and  h valine  and  granular  casts;  culture  from  cavity  showed  hemolytic  streptococcus 
Blood  pressure.  Systolic,  144;  diastolic,  86;  pulse  pressure,  58.  Vital  capacity  reading,  1,600  c.c. 

February  18,  1921,  operation;  incision  along  line  of  old  scar;  cavity  laid  wide  open;  necrotic 
rib  stumps  removed;  excision  of  thickened  parietal  pleura  forming  roof  of  cavity;  discission  of 
visceral  pleura  to  allow  lung  expansion;  all  skin  and  muscles  preserved  for  final  closure  and  prepa¬ 
ration  of  cavity  for  active  dakinization.  June  9,  1921,  operation;  partial  closure  of  the  cavity 
with  the  suturing  of  the  fistula  present,  and  the  implantation  of  a  portion  of  the  latissimus  dorsi 
muscle  over  it,  upper  aspect  of  cavity  closed  with  muscle  and  skin;  lower  portion  left  open  for 
active  dakinization.  September  13,  1921,  incision  of  sinus  tract  leading  posteriorly  and  upward; 
communicating  with  main  cavity;  the  tract  left  wide  open  for  active  dakinization.  October  1,’ 
1921,  cavity  found  to  be  sterile  after  seven  consecutive  daily  cultures.  October  5,  1921,  resection 


Fig.  101. — Case  15:  Illustrating  method  of  partial  closure  of 

bronchial  fistula. 
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of  5  cm.  of  regenerated  fifth  and  sixth  ribs,  posterior  scapular  line;  discission  of  visceral  pleura; 
fistula  found  closed.  Plastic  flap  of  the  subscapularis  muscle  was  implanted  in  upper  aspect  of 
remaining  cavity;  superficial  muscles  brought  in  apposition  and  sutured.  Skin  closed  with  figure- 
of-eight  silkworm  gut;  multiple  scarifications  of  skin  to  cause  relaxation;  lower  aspect  of  wound 
left  open  to  granulate.  November  30,  1921,  patient  entirely  healed  and  gaining  weight;  X-ray 
examination  showed  all  cavity  formation  obliterated;  general  condition  excellent;  urine  negative 
for  albumin  and  casts.  Weight  on  admission,  127  pounds;  present  weight,  148  pounds.  Vital 
capacity  leading,  2,400  c.  c.  March  1,  1922,  patient’s  general  condition  excellent;  appetite  good. 
April  4,  1922,  patient  entirely  healed  and  discharged  from  hospital,  cured. 

Factors  to  be  combated  were  hemolytic  streptococcus  present;  pleuro- 
bronchial  fistula  present;  osteomyelitis  of  rib  stumps;  secondary  cavity  forma¬ 
tion;  chronic  interstitial  nephritis;  marked  collapse  of  left  chest  wall  due  to 
previous  operative  procedure. 

Case  16. — R.  R.,  age  24  years. 

February  1,  1921,  developed  pneu¬ 
monia.  March  25,  1921,  compli¬ 

cation,  empyema,  left  cavity, 
hemolytic  streptococcus  type. 

Aspirated  three  times.  April  25, 

1921,  operation;  thoracotomy;  re¬ 
section  of  10  cm.  of  seventh  rib 
anterior  axillary  line,  left  chest; 
institution  of  drainage;  cavity 
irrigated  with  Dakin’s  solution. 

June  9,  1921,  admitted  to  empy¬ 
ema  service,  Walter  Reed  General 
Hospital . 

Condition  on  admission:  Ambu¬ 
latory  case,  fairly  well  nourished, 
but  considerably  underweight ; 
weight  on  admission,  118  pounds 
(normal  weight,  160  pounds).  Ex¬ 
amination  of  chest  revealed  sinus 
discharging  pus,  seventh  interspace, 
anterior  axillary  line,  left  chest; 
and  a  cavity  formation  with  a  ca¬ 
pacity  of  700  c.  c.  Pleurobronchial 
fistula  present  and  drainage  not 
dependent.  Radiographs  showed  a 
partial  collapse  of  left  lung  with 
considerable  thickening  of  the 
pleura,  and  a  cavity  formation  extending  from  fourth  rib  to  base,  and  posterior  to  the  sinus 
leading  to  the  cavity.  Clinical  laboratory  examination:  Wassermann  negative;  sputum  negative 
foi  tubercle  bacilli;  white  blood  count,  9,450;  red  blood  count,  5,010,000;  urine  negative;  culture 
from  cavity  showed  hemolytic  streptococcus  and  staphylococcus  aureus.  Blood  pressure:  Systolic, 
126;  diastolic,  80;  pulse  pressure,  46.  Vital  capacity  reading,  2,100  c.c. 

June  28,  1921,  operation;  resection  of  10  cm.  of  ninth  rib,  posterior  axillary  line;  and  the  insti¬ 
tution  of  dependent  drainage;  cavity  left  open  for  active  dakinization.  October  13,  1921,  operation ; 
resection  of  20  cm.  of  sixth,  seventh,  and  eighth  ribs,  posterior  axillary  line,  left  chest;  excision  of 
thickened  parietal  pleura  forming  roof  of  cavity;  skin  inverted  over  muscles  that  were  severed  and 
sutured  over  rib  stumps;  preparation  of  cavity  for  active  dakinization.  December  29,  1921,  opera¬ 
tion;  resection  of  10  cm.  of  seventh  and  eighth  ribs,  midaxillary  line;  removal  of  thickened  parietal 
pleura;  mobilization  of  lung  about  fistula  and  closure  of  posterior  aspect  of  cavity,  using  muscle  and 
skin.  February  23,  1922,  operation;  resection  of  10  cm.  of  posterior  stump  of  seventh  rib  which 
showed  osteomyelitis  with  sequestration;  cavity  left  open  for  dakinization.  March  8,  1922,  opera¬ 
tion,  resection  of  15  cm.  of  anterior  stump  seventh  rib  which  showed  osteomyelitis  with  seques¬ 
tration.  This  portion  of  rib  was  regenerated  bone  which  had  become  infected.  Entire  cavity 
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Fig.  103. — Case  15: 


Final  skin  suture. 


Fig.  104. — Case  15:  End  result 
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left  open  for  active  dakinization.  April  6,  1922,  plastic  closure  of  muscle  and  skin,  with  im¬ 
plantation  of  a  portion  of  latissimus  dorsi  and  subseapularis  muscles  into  apex  of  cavity  to  obliterate 
multiple  fist ul se;  superficial  muscles  and  skin  brought  into  apposition  and  sutured  by  means  of 
silkworm  gut;  rubber  dam  and  one  tube  drainage  for  48  hours;  multiple  scarification  of  skin  to 
cause  relaxation.  May  15,  1922,  patient  entirely  healed  and  doing  well.  June  25,  1922,  patient 
entirely  healed;  all  fistulse  closed;  all  cavity  formation  obliterated;  lung  well  expanded;'  general 
condition  excellent  ;  vital  capacity  reading,  3,300  c.  c. ;  weight,  152  pounds. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  and 
staphylococcus  aureus  present;  osteomyelitis  with  rib  sequestration;  pleuro- 
bronchial  fistulse  present;  secondary  cavity  and  diverticula;  partial  heart  block. 


Case  1/ .  W .  G.,  age  30  years.  October  1,  1918,  developed  influenza  and  pneumonia.  Octo¬ 
ber  13,  1918,  complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type;  as¬ 
pirated  once.  October  15,  1918, 

operation;  thoracotom}<r,  eighth  in¬ 
terspace,  posterior  axillary  line,  with 
the  institution  of  drainage.  De¬ 
cember  23,  1918,  thoracotomy;  re¬ 
section  of  a  portion  of  the  eighth 
rib,  posterior  axillary  line;  better 
drainage  instituted.  September  24, 

1919,  decortication  operation  with 
resection  of  a  portion  of  fifth,  sixth, 
seventh,  eighth,  ninth,  and  tenth 
ribs;  complete  decortication  of  vis¬ 
ceral  pleura;  wound  closed  with  de¬ 
pendent  drainage.  Following  this 
operation,  there  was  a  slough  of  the 
soft  tissue  along  posterior  incision 
and  a  protrusion  of  rib  stumps  into 
opening  with  exposure  of  nerve  end¬ 
ing  from  posterior  horn  cells.  Dress¬ 
ings  were  very  difficult  at  this  time; 

Dakin’s  solution  was  tried  but  was 
discontinued  because  of  a  bronchial 
fistula,  which  caused  patient  to 
strangle;  iodoform  emulsion  used  in 


Fig. 


105.  Case  1/:  The  wound  after  removal  of  the  fourth  to 
eleventh  ribs,  exposed  and  necrosed  on  admission. 


dressings,  meicuraciome  also  tried.  Patient  exposed  to  sun  rays  and  to  various  forms  of  tub  baths. 
Treated  by  these  various  methods  until  September  23,  1920.  September  24,  1920,  admitted  to 
empyema  service,  Walter  Reed  General  Hospital. 


Condition  of  admission:  Litter  case;  anemic;  highly  septic;  poorly  nourished;  present  weight 
90  pounds  (normal  weight,  140  pounds).  General  condition  extremely  poor.  Examination  of 
chest  revealed  large  open  wound,  posterior  scapular  line,  with  retraction  of  soft  tissues  in  this 
area,  and  exposed  necrotic  posterior  rib  stumps  fifth,  sixth,  and  seventh,  with  much  unhealthy 
granulation  tissue  about  them;  posterior  horn  cells  exposed,  and  patient  extremely  sensitive  over 
this  area.  This  open  wound  communicated  with  cavity  formation  which  had  a  capacity  of 
650  c.  c.  Radiographs  showed  almost  total  collapse  of  right  lung  with  extensive  thickening  of 
the  pleura,  right  chest,  from  apex  to  base  and  a  large  cavity  formation  extending  from  first  to 
tenth  rib,  lateral  chest.  A  large  pleurobronchial  fistula  noted;  marked  osteomyelitis  of  resected 
rib  stumps.  A  cold  abscess  was  present  over  right  sacroiliac  region.  Clinical  laboratory  exam¬ 
ination:  Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  9,750; 
red  blood  count,  3,750,000;  urine  negative;  culture  from  cavity  showed  heavy  growth  of  hemolytic 
streptococcus.  Blood  pressure:  Systolic,  108;  diastolic,  76;  pulse  pressure,  32.  Vital  capacity 
reading,  1,300  c.  c. 

This  patient’s  general  condition  was  so  poor  at  time  of  admission  that  it  was  necessary  to  build 
him  up  before  he  could  withstand  even  a  fractional  type  of  operation.  This  was  accomplished 
by  stomachics  and  a  high-caloric  diet ;  eggnogs  at  least  three  times  daily.  Cold  abscess  was  injected 
with  iodoform  emulsion  and  strapped.  Cavity  given  active  dakinization 
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Fig.  106. — Case  17:  Lateral  view  of  final  result.  Fig.  107. — Case  17:  Anterior  view  of  final  result,  showing  condition 

after  shortening  clavicle  to  bring  scapula  closer  to  lung  so  as  to 
aid  in  obliteration  of  the  cavity. 
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October  29,  1920,  operation;  resection  of  necrotic  rib  stumps,  fourth,  fifth,  sixth,  and  removal 
of  unhealthy  granulations,  with  mobilization  of  lung  about  fistula;  deep  alcohol  injection  of  nerves 
from  posterior  horn  cells;  cavity  left  open  for  active  dakinization.  February  4,  1921,  resection 
of  15  cm.  of  third,  fourth,  fifth,  sixth  ribs,  anterior  chest,  1  inch  from  costochrondral  junction; 
excision  of  thickened  parietal  pleura  and  discission  of  visceral  pleura  to  allow  lung  expansion; 
skin  inserted  over  severed  superficial  muscles  and  fixed;  cavity  left  open  for  the  continuation 
of  active  dakinization.  April  13,  1921,  operation;  resection  of  a  portion  of  ninth  and  tenth  ribs, 
posterior  axillary  line;  resection  of  regenerated  portion  of  sixth  and  seventh  ribs  anterior  axillary 
line;  dakinization  continued.  June  21,  1921,  operation;  resection  of  10  cm.  of  second,  third,  and 
fourth  ribs  posterior  scapular  line,  right  chest;  excision  of  thickened  parietal  pleura  and  exposure 
of  apex  of  cavity;  mobilization  of  lung  about  fistula;  dakinization  continued;  all  muscle  and  skin 
saved  and  tucked  beneath  scapula.  Following  this  operation,  the  angle  of  the  scapula  made  pres¬ 
sure  on  underlying  lung  structure,  hence  patient  was  dressed  with  a  thin  steel  rib  2  inches  wide 
and  so  constructed  as  to  fit  the  general  contour  of  the  chest.  This  band  was  well  padded  and 
passed  beneath  the  angle  of  the  scapula  and  was  fixed  in  place  by  straps  over  shoulders  and  tape 
across  terminal  end  of  steel  rib  on  unaffected  side  of  chest.  This  held  the  angle  of  the  scapula 
away  from  the  underlying  lung  and  did  not  interfere  with  active  dakinization  of  the  cavity.  July 
19,  1921,  closure  of  bronchial  fistula  by  means  of  mattress  suture  and  mobilization  of  lung  about 
the  fistula;  dakinization  continued.  September  13,  1921,  decortication  of  visceral  pleura  about 
fistula  that  still  remained  patent;  purse-string  ligation  of  fistula;  dakinization  continued.  October  1, 
1921,  fistula  still  patent,  although  considerably  smaller;  a  2  per  cent  alcoholic  solution  of  gentian 
violet  applied  and  the  following  day  fistula  was  closed.  This  application  was  repeated  to  keep 
mechanical  plug  in  fistula  until  granulations  had  obliterated  tract.  November  15,  1921,  the 
remaining  cavity  formation  in  this  case  consisted  of  a  pyramidal  space,  with  its  base  in  the  upper 
aspect  of  the  right  chest  between  the  clavicle  anteriorly,  first  rib  internally  and  superiorly  and 
the  scapula  posteriorly,  and  with  its  apex  downward  and  in  the  midaxillary  line.  It  was  necessary 
to  devise  some  method  to  obliterate  this  space  as  a  maximum  amount  of  lung  expansion  had  been 
obtained  by  discission  of  the  visceral  pleura.  December  1,  1921,  shortening  of  clavicle  to  oblit¬ 
erate  aforesaid  space;  clavicle  shortened  2  inches  and  fragments  morticed  and  wired  in  appo¬ 
sition;  muscle  and  skin  closed  over  space.  December  28,  1921,  operation;  resection  of  regenerated 
third  and  fourth  ribs,  anterior  axillary  line,  to  allow  scapula  free  excursion  of  motion  (since  clavicle 
had  been  shortened)  and  to  completely  obliterate  the  space.  Portions  of  the  pectoralis  major 
and  subscapularis  muscles  were  implanted  into  apex  of  space  to  act  as  a  buffer  between  the  scapula 
and  the  underlying  lung  structures.  Following  these  operations,  the  angle  of  the  scapula  was 
reflected  backward  and  outward,  therefore  the  device  to  elevate  scapula  from  underlying  lung 
tissue  was  no  longer  required.  Pleurobronchial  fistula  remained  closed,  and  cavity  practically 
sterile.  February  2,  1922,  plastic  closure  of  anterior  aspect  of  wound  with  muscle  and  skin ;  closure 
of  the  upper  posterior  aspect  with  muscle  and  skin  using  silkworm  gut  sutures;  rubber  dam  drainage 
for  24  hours;  multiple  scarifications  of  skin  to  cause  relaxation  along  the  suture  line  and  to  prevent 
slough;  lower  aspect  of  cavity  left  open  for  active  dakinization.  February  27,  1922,  further  sec¬ 
ondary  closure  and  re-suture  of  small  areas  along  posterior  aspect  left  open  for  drainage;  multiple 
scarifications  of  skin  to  cause  relaxation  of  suture  line;  lowermost  aspect  of  wound  still  left  open 
for  dakinization.  March  23,  1922,  additional  closure  of  posterior  aspect  of  wound,  muscle  and  skin, 
leaving  only  a  small  area  at  lowermost  aspect  to  heal  by  granulation,  this  area  being  so  superficial 
that  plastic  flap  did  not  seem  necessary.  March  30,  1922,  all  but  healed;  general  condition  good; 
has  begun  to  take  on  weight;  lung  expanded;  all  cavity  formation  obliterated.  June  12,  1922,  slid¬ 
ing-flap  graft  of  skin  and  subcutaneous  tissue  into  unhealed  area;  plastic  closure  of  remaining 
structures;  multiple  scarification  of  skin  to  cause  relaxation;  rubber  dam  drainage  for  48  hours. 
June  26,  1922,  patient  all  but  healed. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  osteomyelitis;  pleurobronchial  fistula;  cold  abscess,  and  condition  of 
tissues  caused  tuberculosis  to  be  reckoned  with;  mechanics  necessary  to 
obliterate  cavity;  patient’s  general  debilitated  condition,  with  faulty  metabolism; 
patient  able  to  withstand  only  a  few  minutes  on  table. 

45267° — 24 - 24 
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Case  18. — J.  K.,  age  25  years.  July  18,  1918,  received  penetrating  gunshot  wound  right  chest, 
machine  gun  bullet,  in  action.  July  20,  1918,  debridement  operation.  Was  aspirated  six  times, 
a  serosanguineous  fluid  being  withdrawn.  December  13,  1918,  operation ;  exploratory  thoracotomy 
seventh  and  eighth  ribs,  midaxillary  line;  bullet  removed  and  wound  closed.  Numerous  aspira¬ 
tions  followed.  January  1,  1919,  developed  empyema,  hemolytic  streptococcus  type.  January  15, 
1919,  area  of  previous  thoracotomy  reopened  and  drainage  instituted  with  irrigation  by  Dakin's 
solution.  Treated  by  this  method  and  reopened  a  number  of  times.  June  4,  1921,  admitted  to 
empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  fairly  well  nourished  but  showng  some  anemia; 
present  weight,  140  poimds  (normal  weight  150  pounds);  fingers  clubbed;  some  edema  of  extremi¬ 
ties.  Examination  of  chest  revealed  sinus  discharging  pus,  seventh  interspace,  midaxillary  line, 
right  chest,  With  a  large  cavity  formation  partially  filled  with  pus.  Radiographs  showed  marked 

collapse  of  right  lung  with  extensive 
thickening  of  the  parietal  pleura, 
right  lateral  chest,  from  apex  to 
base;  a  cavity  formation  extending 
from  the  second  to  tenth  ribs  with 
a  capacity  of  600  c.  c.;  and  osteo¬ 
myelitis  of  rib  stumps  which  had 
been  previously  resected.  Clinical 
laboratory  examination:  Wasser- 
mann  negative;  sputum  negative 
for  tubercle  bacilli;  white  blood 
count,  12,600;  red  blood  count, 
4,560,000;  urine  negative;  culture 
from  cavity  showed  hemolytic 
streptococci.  Blood  pressure:  Sys¬ 
tolic,  115;  diastolic,  70;  pulse  pres¬ 
sure,  45.  Vital  capacity  reading, 
1.600  c.  c.  June  9,  1921,  resection  of 
10  cm.  of  sixth,  seventh,  and  eighth 
ribs,  midaxillary  line,  right  chest; 
excision  of  thickened  parietal  pleura 
forming  roof  of  cavity ;  skin  inverted 
o\rer  muscles  that  were  severed  and 
the  muscles  fixed  over  rib  stumps, 
to  prevent  retraction  and  preserve 
them  for  the  final  closure;  cavity 
left  wide  open  for  active  dakiniza- 
tion.  June  30,  1921,  resection  of  10 
cm.  of  sixth,  seventh,  eighth,  and 
ninth  ribs,  posterior  scapular  line; 
excision  of  thickened  parietal  pleura 
en  masse;  skin  fixed  over  severed 
muscles;  cavity  left  wide  open  for  active  dakinization.  July  25,  1921,  resection  of  10  cm. 
of  fourth  and  fifth  ribs,  posterior  scapular  line;  cavity  left  wide  open  and  active  dakin¬ 
ization  continued.  November  2,  1921,  resection  of  15  cm.  of  sixth,  seventh,  eighth  and 
ninth  ribs,  anterior  axillary  line;  removal  of  roof  of  cavity;  active  dakinization  continued. 
October  3,  192J ,  resection  of  20  cm.  of  eighth,  ninth,  and  tenth  ribs;  removal  of  roof  of  cavity; 
discission  of  visceral  pleura  and  dakinization  continued.  February  27,  1922,  resection  of  20  cm. 
of  fourth  and  fifth  ribs,  anterior  axillary  line;  removal  of  necrosed  sixth  and  seventh  rib-stumps, 
same  line;  and  resection  of  10  cm.  of  third  rib,  posterior  scapular  line;  active  dakinization  con¬ 
tinued.  March  9,  1922,  secondary  closure  of  upper  aspect  of  cavity,  muscle  and  skin,  with  the 
implantation  of  a  portion  of  the  infraspinatus  muscle  into  apex  of  cavity,  severed  superficial 
muscles,  which  had  been  saved,  brought  in  apposition  and  sutured;  excision  of  all  scar  formation; 
and  skin  closed  by  silkworm  gut  suture;  rubber  dam  drainage  along  suture  line;  discission  of  entire 
visceral  pleura  before  closure ;  and  lower  aspect  of  cavity  left  open  for  active  dakinization.  May  11, 
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1922,  partial  plastic  closure  of  empyema  cavity,  right  chest,  using  muscle  and  skin,  with  implanta¬ 
tion  of  superficial  muscle  body  into  remaining  space  after  maximum  lung  expansion  had  been 
obtained;  skin  and  muscle  brought  in  apposition  by  means  of  silkworm  gut;  multiple  scarification 
of  skin  to  cause  relaxation ;  and  rubber  dam  drainage  for  48  hours.  June  28,  1922,  plastic  closure  of 
posterior  aspect  of  cavity  with  muscle  and  skin;  muscle  and  skin  brought  in  apposition  and 
sutured  by  means  of  silkworm  gut;  rubber  dam  drainage  for  48  hours;  multiple  scarification  of 
skin  to  cause  relaxation. 

Factors  to  be  combated  were  hemolytic  streptococci  present;  osteomyelitis  of 
ribs;  diverticula  or  secondary  cavities;  constitutional  psychopathic  state; 
myocarditis,  chronic. 

Case  19.— C.  N.,  age  35  years.  February  8,  1921,  developed  pneumonia.  February  19,  1921, 
complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type.  Aspirated  four  times! 
March  6,  1921,  operation;  incision 
and  drainage  of  empyema  cavity. 

March  17,  1921,  thoracotomy;  resec¬ 
tion  of  10  cm.  of  seventh  rib, 
midaxillary  line,  right  chest;  and 
better  drainage  instituted.  May  30. 

1921,  incision  over  old  scar  and  the 
resection  of  an  additional  10  cm.  of 
seventh  rib,  anterior  aspect;  and 
drainage  reestablished.  July  3, 

1921,  admitted  to  empyema  service, 

Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambu¬ 
latory  case;  poorly  nourished;  pres¬ 
ent  weight,  118  pounds  (normal 
weight,  165  pounds).  Examination 
of  chest  revealed  sinus  discharging 
pus  seventh  interspace,  midaxillary 
line,  right  chest;  pleurobronchial 
fistula  present;  and  drainage  not 
dependent.  Radiographs  showed 
a  partial  collapse  of  the  right  lung 
with  some  thickening  of  the  pleura, 
right  lateral  chest,  and  a  cavity 
formation  extending  from  the  fourth 
to  the  ninth  rib  and  posterior  to 
the  sinus  draining  it.  Clinical 
laboratory  examination:  Wasser- 
mann  negative;  sputum  negative  for  FlG-  109, — Case  18  :  Second  stage  in  the  closure  of  the  wound, 
tubercle  bacilli;  white  blood  count,  13,700;  red  blood  count,  3,990,000;  urine  negative;  culture 
from  caA  itv  showed  heavy  growth  of  hemolytic  streptococcus.  Blood  pressure:  Systolic,  128; 
diastolic,  88;  pulse  pressure,  40.  Vital  capacity  reading  2,300  c.  c.  July  7,  1921,  operation ! 
resection  of  seventh  and  eighth  ribs,  posterior  axillary  line,  right  chest;  roof  of  cavity  removed; 
two  pleurobronchial  fistulae  exposed ;  skin  inverted  over  muscle  to  preserve  it  for  final  closure  and 
to  render  dressings  less  painful;  cavity  left  open  for  active  dakinization.  July  25,  1921,  resection 
of  15  cm.  of  the  sixth  rib,  midaxillary  line,  rib  stumps  of  the  previously  resected  ribs  removed; 
cavity  widely  exposed ;  discission  of  the  visceral  pleura;  lung  mobilized  about  fistula ;  cavity  left 
open  for  active  dakinization.  September  29,  1921,  excision  of  scar  and  mobilization  of  lung  about 
fistula;  cavity  left  open  for  dakinization.  December  15,  1921,  cavity  apparently  sterile  after  seven 
consecutive  daily  cultures;  pleuropulmonary  communications,  closed.  December  16,  1921,  plastic 
closure,  implantation  of  a  part  of  the  latissimus  dorsi  into  that  portion  of  the  ca\uty  which  was  not 
completely  obliterated.  The  severed  superficial  muscles  were  brought  in  apposition,  skin  closed 
by  figure-of-eight  silkworm  gut  suture;  and  rubber  dam  drainage  instituted.  January  1,  1922, 
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Fig.  111. — Case  18:  Posterior  view  of  the 
wound,  with  healing  practically  com¬ 
plete. 
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patient  entirely  healed;  general  condition  excellent;  increase  in  weight  since  first  operation; 
X  ray  showed  total  obliteration  of  all  cavity  formation  and  the  lung  well  expanded.  February  1, 
1922,  general  condition  excellent;  weight  on  admission  to  this  hospital  118  pounds,  present  weight, 
165  pounds;  vital  capacity  reading,  3,400  c.  c. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  osteomyelitis  with  rib  sequestration;  two  pleurobronchial  fistulse; 
primary  drainage  not  dependent. 

(  ase  20.— H.  S.  J.,  aged  26  years.  January  10,  1918,  developed  influenza  and  pneumonia. 
January  20,  1918,  complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type. 
Aspirated  twice.  January  24,  1918,  thoracotomy;  resection  of  portion  of  seventh  rib,  midaxillary 
line,  with  the  institution  of  drainage  for  five  months  without  irrigation,  followed  by  irrigation  with 
Dakin’s  solution  for  two  weeks. 

June  19,  1918,  additional  rib 
resection;  institution  of  better 
drainage.  November  11,  1918, 

resection  of  portion  of  eighth  and 
ninth  ribs  to  allow  better  drain¬ 
age;  and  daily  irrigation  with 
Dakin’s  solution.  February  19, 

1920,  resection  of  sixth,  seventh, 
eighth,  and  ninth  ribs,  right 
chest,  midaxillary  line;  partial 
decortication  of  visceral  pleura; 
removal  of  portion  of  thickened 
parietal  pleura;  cavity  closed; 
rubber  tube  drainage.  June  3, 

1920,  cavity  reopened  and  further 
decortication  was  done  in  an 
attempt  to  obliterate  cavity,  lower 
aspect  being  left  open  for  dakini- 
zation.  November  10,  1920,  ad¬ 

mitted  to  empyema  sendee,  Walter 
Reed  General  Hospital. 

Condition  on  admission; 

Ambulatory  case;  anemic;  highly 
septic ;  poorly  nourished ;  present 
weight,  111  pounds  (normal 
weight,  145  pounds),  fingers 
clubbed ;  extremities  edematous. 

Examination  of  chest  revealed 
sinus  discharging  pus,  posterior 
axillary  line;  marked  deformity  JlG'  112'  Case  20:  Persistent  bronchial  fistula  in  a  wound  other- 
of  contour  of  right  chest  due  wlse  rea<1y  for  closure* 

to  previous  operations.  Radiograph  showed  marked  collapse  of  right  lung  with  extensive 
thickening  of  pleura  from  apex  to  base,  and  a  bismuth-filled  cavity  extending  from 
second  rib  to  midaxillary  line,  with  multiple  diverticula  draining  into  main  cavity.  Capacity  of 
cavity,  200  c.  c.  Pleurobronchial  fistula  present,  the  communication  being  almost  direct  to  the 
hilus  of  the  lung.  Osteomyelitis  of  rib  stumps  present.  Clinical  laboratory  examination :  Wasser- 
mann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  12,600;  red  blood  count, 
3,750,000;  urine  showed  trace  of  albumin;  culture  from  cavity  showed  heavy  growth  of  hemolytic 
streptococcus.  Blood  pressure:  Systolic,  110;  diastolic,  80;  pulse  pressure,  30.  Vital  capacity 
reading,  1,500  c.  c. 

November  17,  1920,  resection  of  fifth,  sixth,  seventh,  and  eighth  ribs,  posterior  scapular  line, 
right  chest;  excision  of  thickened  parietal  pleura  and  scar  tissue;  cavity  laid  wide  open;  multiple 
diverticula  noted,  their  roofs  being  excised;  preparation  of  cavity  for  active  dakinization.  De- 
cembei  6,  1920,  resection  of  10  cm.  of  third,  fourth,  and  fifth  ribs;  cavity  laid  wide  open;  dakini¬ 
zation  continued.  January  12,  1921,  excision  of  another  diverticulum,  or  sinus  tract,  draining  into 
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main  cavity;  dakinization  continued.  March  31, 1921,  excision  of  old  scar,  lower  aspect  of  cavity, 
and  an  additional  portion  of  the  eighth  rib  resected  which  had  become  osteomyelitic.  May  17, 
1921,  incision,  anterior  axillary  line;  resection  of  parts  of  fifth,  sixth,  and  seventh  ribs;  three  addi¬ 
tional  sinus  tracts  found  and  excised;  active  dakinization  continued.  June  23,  1921,  resection  of 
third  and  fourth  ribs,  anterior  axillary  line;  removal  of  roof  cavity;  dakinization  continued;  dis¬ 
cission  of  visceral  pleura  and  mobilization  of  lung  about  bronchial  fistula.  .July  27,  1921,  incision 
along  old  posterior  scar;  apex  of  cavity  exposed  posteriorly;  dakinization  continued.  October  3, 

1921,  resection  of  5  cm.  of  third  rib,  posterior  scapular  line;  excision  of  thickened  parietal  pleura; 
discission  of  visceral  pleura;  mobilization  of  lung  about  bronchial  fistula;  dakinization  continued. 
January  12, 1922,  resection  of  regenerated  stumps  of  third,  fourth,  and  fifth  ribs,  anterior  to  posterior 
axillary  line;  portion  of  subscapularis  muscle  implanted  over  fistula  after  lung  had  been  mobilized 
about  fistula ;  anterior  aspect  of  cav¬ 
ity  closed ;  superficial  muscle  brought 
in  apposition  and  sutured  skin  closed 
by  means  of  silkworm  gut;  multiple 
scarification  of  skin  to  cause  relaxa¬ 
tion;  posterior  aspect  of  cavity  left 
open  for  dakinization.  March  3, 

1922,  secondary  closure  with  im¬ 
plantation  of  portion  of  latissimus 
dorsi  into  remaining  cavity  which  was 
not  obliterated  by  lung  expansion, 
fistula  having  remained  closed  fol¬ 
lowing  last  operation  and  cavity 
sterile;  superficial  muscles  brought 
in  apposition  and  sutured ;  skin  closed 
by  means  -of  silkworm  gut;  rubber 
dam  drainage  for  24  hours ;  multiple 
scarification  of  skin  to  cause  relaxa¬ 
tion.  April  1, 1922,  patient  improv¬ 
ing,  but  had  small  area  of  tenth  rib 
showing  osteomyelitis,  requiring  re¬ 
section  at  a  future  date.  May  5, 

1922,  operation;  resection  of  10  cm. 
of  tenth  rib,  posterior  axillary  line, 
right  chest,  and  excision  of  sinus 
tract  leading  down  to  it;  entire  area 
left  wide  open  for  active  dakiniza¬ 
tion.  June  26, 1922,  patient  entirely 
healed;  fistula  closed;  all  cavity 
formation  obliterated;  lung  well  ex¬ 
panded;  general  condition  excellent; 
weight  on  admission,  111  pounds; 
present  weight,  122  pounds;  vital 

capacity  reading,  2,200  C.  C.  Fl0.  n5.-Case  21 :  A  stage  in  the  healing  of  the  wound. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  infec¬ 
tion;  osteomyelitis  of  rib  stumps;  secondary  cavities  and  diverticula;  pleuro- 
bronchial  fistula;  marked  bridging  and  overlapping  of  regenerated  rib  formation. 

Case  21. — R.  H.  S.,  age  30  years.  November  1, 1918,  in  action,  received  a  gunshot  wound, 
left  chest,  penetrating  sixth  interspace,  nipple  line.  November  4,  1918,  developed  influenza, 
which  was  complicated  by  pneumonia  November  10,  1918,  and  by  empyema,  left  pleural  cavity, 
hemolytic  streptococcus  type,  November  17,  1918.  Aspirated  four  times.  November  25,  1918, 
operation;  thoracotomy;  resection  of  a  portion  of  the  eighth  rib  midscapular  line,  with  the  institu¬ 
tion  of  drainage.  March  22, 1919,  discharged  from  the  service,  still  draining;  had  been  reopened  12 
times  for  the  institution  of  drainage.  January  26,  1922,  admitted  to  the  empyema  service,  Walter 
Reed  General  Hospital. 
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Condition  on  admission:  Ambulatory  case ;  fairly  well  nourished  but  considerably  underweigh  t , 
normal  weight,  165  pounds;  present  weight,  145  pounds.  Examination  of  chest:  Sinus  dis¬ 
charging  pus,  eighth  interspace,  midscapular  line,  left  chest;  drainage  not  dependent.  Radio¬ 
graphs  showed  marked  collapse  of  left  lung;  a  cavity  formation,  with  a  capacity  of  500  c.  c.  ex¬ 
tending  from  the  fourth  to  the  ninth  rib;  heart  considerably  displaced  to  the  right;  and  marked 
thickening  of  the  parietal  pleura,  left  lateral  chest,  from  second  rib  to  base.  Clinical  laboratory 
examination:  Wassermann,  negative;  sputum,  negative  for  tubercle  bacilli;  white  blood  count, 
8,050;  red  blood  count,  4,810,000;  urine,  negative;  culture  from  cavity  showed  hemolytic  strep¬ 
tococcus  and  staphylococcus  aureus.  Blood  pressure:  Systolic,  106;  diastolic,  74;  pulse  pressure, 
32.  Vital  capacity  reading,  2,000  c.  c. 

January  31,  1922,  operation;  resection  of  15  cm.  seventh,  eighth,  and  ninth  ribs,  midscapular 
line,  left  chest;  excision  of  thickened  parietal  pleura  forming  roof  of  cavity;  skin  inverted  over 

severed  muscles  and  fixed  over 
resected  rib  stumps  to  render  dres¬ 
sings  less  painful  and  preserve 
structures  for  future  closure;  mul¬ 
tiple  scarifications  of  skin  to  cause 
relaxation;  preparation  of  cavity 
for  active  dakinization.  February 
13,  1922,  operation;  resection  of  15 
cm.  of  fourth,  fifth ;  and  sixth  ribs, 
posterior  axillary  line,  left  chest; 
removal  of  thickened  parietal 
pleura  forming  roof  of  cavity;  dis¬ 
cission  of  visceral  pleura  to  allow 
lung  expansion;  skin  inverted  over 
muscles  that  were  cut  and  pre¬ 
served  for  future  closure;  entire 
cavity  left  open  for  active  dakin¬ 
ization.  March  8,1922,  cavity  one- 
fourth  its  original  size  and  the  lung 
still  expanding;  bacterial  exami¬ 
nation  showed  only  a  few  colonies 
of  staphylococcus  aureus.  April  5, 
1922,  plastic  closure  muscle  and 
skin,  with  the  implantation  of  a 
portion  of  the  latissimus  dorsi  into 
remaining  space  after  maximum 
lung  expansion  had  been  ob¬ 
tained;  skin  and  superficial  mus¬ 
cles  brought  into  apposition  and 
sutured  with  silkworm  gut;  scari¬ 
fication  of  skin  to  cause  relaxation; 
rubber  dam  and  tube  drainage  for 
24  hours.  May  1,  1922,  patient 
entirely  healed;  general  condition  excellent;  increased  weight  since  first  operation;  lung  well 
expanded;  all  cavity  formation  obliterated.  June  12,  1922,  healed;  physical  condition  excellent; 
weight  165  pounds;  vital  capacity,  3,400  c.  c.  Discharged,  cured,  June  12,  1922. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  osteomyelitis  with  rib  sequestration;  secondary  cavity. 

Case  22. — W.  L.,  aged  21  years.  February  4,  1921,  developed  pneumonia.  March  1,  1921, 
complication,  empyema,  left  pleural  cavity,  hemolytic  streptococcus  type.  Aspirated  three  times. 
March  20, 1920,  thoracotomy;  resection  of  10  cm.  of  sixth  rib  anterior  axillary  line,  left  chest,  with 
the  institution  of  drainage,  and  cavity  irrigated  with  Dakin’s  solution.  June  9,  1921,  admitted  to 
empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished;  weight  at  present,  108  pounds. 
Examination  of  chest  revealed  sinus  discharging  pus  sixth  interspace,  anterior  axillary  line,  left 


Fig.  116. — Case  21:  A  posterolateral  view  of  the  wound  after  com¬ 
plete  healing. 
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chest,  and  a  cavity  formation  with  a  capacity  of  200  c.  c.;  drainage  not  dependent.  Radiographs 
showed  a  partial  collapse  of  the  left  lung,  with  marked  thickening  of  the  parietal  pleura  from  the 
first  rib  to  the  base,  lateral  chest,  and  a  cavity  formation  extending  from  the  second  to  the  eighth 
rib  posterior  to  the  sinus  leading  into  cavity.  Clinical  laboratory  examination:  Wassermann  nega¬ 
tive;  sputum,  negative  for  tubercle  bacilli;  white  blood  count,  16,650;  red  blood  count,  4,610,000; 
urine,  negative,  culture  from  cavity  showed  hemolytic  streptococci.  Rlood  pressure:  Systolic,  112; 
diastolic,  74;  pulse  pressure,  38.  Vital  capacity  reading,  2,100  c.  c. 

July  8,  1921,  operation;  resection  of  15  cm.  of  fifth,  sixth,  and  seventh  ribs,  mid- 
axillary  line,  left  chest;  excision  of  thickened  parietal  pleura  forming  roof  of  cavity;  discis¬ 
sion  of  visceral  pleura  to  allow  lung  expansion;  skin  inverted  over  severed  superficial  muscles  and 
fixed  over  ends  of  resected  ribs  to  preserve  it  for  final  closure  and  to  render  dressing  less  painful: 
multiple  scarifications  of  skin  to  lessen  tension;  cavity  left  wide  open  for  active  dakinization. 
August  10, 1921,  discission  of  visceral  pleura  to  allow  lung  expansion.  Cavity  now  not  one-fourth 
its  original  size,  and  cleaning  up  under  dakinization.  September  13,  1921,  operation;  plastic 
closure,  with  the  implantation  of  a  portion  of  the  pectoralis  major  into  the  small  remaining  cavity 


Fig.  117. — Case  23:  The  wound  before  closure. 


vhich  was  not  obliterated  by  lung  expansion;  the  severed  superficial  muscles  were  brought  into 
apposition  and  sutured  with  catgut;  the  skin  freed  and  all  scar  tissue  removed;  edges  brought  in 
apposition  and  closed  with  figure-of-eight  silkworm  gut  sutures;  rubber  dam  drainage;  multiple 
seal ifications  of  the  skin  to  lessen  tension.  November  5,  1921,  patient  healed  and  feeling 
splendidly;  general  condition  excellent;  weight  at  present,  127  pounds;  vital  capacity  reading^ 
3,100  c.  c.;  discharged  from  hospital,  cured,  January  6,  1922. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  osteomyelitis  of  ribs;  drainage  not  dependent. 

Case  23.  C.  J.  W.,  age  27  years.  January  5,  1918,  developed  pneumonia.  January  12, 
1918,  complication,  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type.  Aspirated 
eight  times.  January  22,  1918,  thoracotomy;  resection  of  10  cm.  of  eighth  rib,  posterior  axillary 
line,  right  chest;  rubber  tube  valve  inserted  for  drainage,  and  Carrel  tubes  used  to  instill  Dakin’s 
solution.  Remained  under  treatment  by  this  method  until  May  15,  1919,  when  he  was  discharged 
from  the  service  with  an  open  sinus  still  discharging  pus.  Returned  to  his  home  and  remained 
there  under  treatment  by  a  private  physician,  chest  being  reopened  nine  times  to  institute  drainage 
of  a  large  accumulation  of  pus.  August  11,  1921,  admitted  to  empyema  service,  Walter  Reed 
General  Hospital. 
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Fig.  119. — Case  23:  A  lateral  view  of  the  final  result 
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Condition  on  admission:  Ambulatory  case;  poorly  nourished;  present  weight,  123  pounds 
(normal  weight,  162  pounds).  Examination  of  chest  revealed  sinus  discharging  pus,  eighth  inter¬ 
space,  posterior  axillary  line,  right  chest.  Radiographs  showed  marked  collapse  of  right  lung 
with  extensive  thickening  of  pleura,  lateral  chest,  from  second  rib  to  base;  a  cavity  formation  from 
fourth  to  tenth  rib;  a  piece  of  rubber  tubing,  2£  inches  in  length  in  the  lower  aspect  of  cavity. 
Pleurobronchial  fistula  present.  Capacity  of  cavity,  400  c.  c.;  osteomyelitis  with  sequestration 
of  the  eighth  and  ninth  ribs,  which  were  fused  and  overlapping.  Clinical  laboratory  examination  : 
Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  9,200;  red  blood 
count,  4,500,000;  urine  showed  trace  of  albumin;  culture  from  cavity  showed’ heavy  growth  of 
hemolytic  streptococci.  Blood  pressure:  Systolic,  142;  diastolic,  84;  pulse  pressure,  58.  Vital 
capacity  reading,  1,800  c.c. 


October  12,  1921,  operation;  resection  of  15  cm.  of  the  seventh,  eighth  and  ninth  ribs,  posterior 
axillary  line,  right  chest;  cavity  laid  wide  open  and  thickened  parietal  pleura  excised;  removal 
of  Carrel  valve  or  rubber  tube  which  had  been  in  cavity  over  two  years;  discission  of  visceral  pleura 
to  allow  lung  expansion;  skin  in¬ 
verted  over  muscles  to  preserve  it 
for  final  closure,  and  to  render  dress¬ 
ings  less  painful ;  preparation  of  cavity 
for  Carrel-Dakin  technique  for  its 
sterilization.  October  31, 1921,  oper¬ 
ation;  resection  of  anterior  portion 
of  seventh  rib  and  part  of  costal 
cartilage,  with  a  resection  of  15  cm. 
of  eighth  rib,  right  chest,  anterior 
axillary  line,  and  the  removal  of 
overlying  thickened  pleura  exposing 
secondary  cavity;  skin  and  muscle 
preserved  for  future  closure;  discis¬ 
sion  of  visceral  pleura  to  allow  lung- 
expansion.  November  30,  1921,  oper¬ 
ation;  resection  of  20  cm.  of  fifth, 
sixth  and  seventh  ribs,  posterior 
scapular  line,  right  chest,  and  resec¬ 
tion  of  5  cm.  of  eighth,  ninth  and 
tenth  ribs  same  line,  with  removal 
of  thickened  pleura  forming  roof 
of  secondary  cavity  which  had 
been  sterilized;  discission  of  visceral 
pleura  exposed,  and  implantation 
of  a  portion  of  the  latissimus  dorsi 
and  subsc-apularis  muscles  into  upper 
aspect  of  cavity;  muscle  and  skin 
closure  over  this  area.  January  6,  1922,  operation;  resection  of  10  cm.  of  the  ninth,  tenth 
and  eleventh  ribs,  and  excision  of  two  sinus  tracts,  one  following  the  course  of  the  tenth  rib 
and  the  other  leading  down  to  the  twelfth  rib,  midaxillary  line,  right  chest;  skin  inverted 
over  muscle  which  was  saved  for  future  closure;  area  left  open  for  active  dakinization. 
February  6,  1922,  operation;  resection  of  10  cm.  of  the  fourth,  fifth  and  sixth  ribs,  anterior 
axillary  line,  right  chest,  with  the  removal  of  the  roof  of  another  secondary  cavity  and  the  prepara¬ 
tion  of  cavity  for  active  dakinization.  April  5,  1922,  partial  plastic  closure  of  muscle  and  skin, 
with  the  implantation  of  portion  of  the  superficial  muscles  into  the  upper  aspect  of  the  cavity, 
midaxillary  line;  injection  of  iodoform  emulsion  before  area  was  closed;  lower,  anterior  portion 
of  secondary  cavity  likewise  closed  and  skin  and  muscle  brought  in  apposition  and  sutured  with 
silkworm  gut;  emulsion  injection;  multiple  scarification  of  skin  to  cause  relaxation;  rubber  dam 
drainage  for  48  hours.  June  26,  1922,  patient  healed;  fistula  closed;  all  cavity  formation 
obliterated;  lung  well  expanded;  general  condition  excellent;  patient  had  taken  on  some  weight; 
vital  capacity  reading,  2,500  c.c. 


Fig.  120.— Case  23:  Anterior  view  of  the  final  result. 
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Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  organism 
present;  Carrel  valve  rubber  drainage  tube  left  in  cavity;  osteomyelitis  with 
rib  sequestration;  pleurobronchial  fistula;  secondary  cavity  and  diverticula 
(five  in  number);  nephritis,  chronic,  interstitial;  tuberculosis,  diagnosed  by 
pathological  specimen;  chondritis  of  sixth,  seventh  and  eighth  costal  cartilage. 

Case  24. — J.  R.  S.,  age  27  years.  October  25,  1918,  received  a  perforating,  high  explosive 
gunshot  wound,  left  chest,  in  action.  Debridement  operation  12  hours  later,  and  chest  closed 
following  operation  without  drainage.  Five  days  later  he  was  aspirated,  with  the  removal  of 
1,600  c.c.  of  purulent,  bloody  fluid;  two  additional  aspirations  followed  with  the  removal  of  frank 
pus.  November  16,  1918,  thoracotomy;  resection  of  a  portion  of  the  seventh  and  eighth  ribs,  left 
chest,  and  the  institution  of  drainage.  Allowed  to  close  three  months  later,  although  patient  was 
expectorating  bloody  pus.  February  26, 1919,  returned  to  the  United  States  and  hospitalized  under 
the  suspected  diagnosis  of  tuberculosis,  pulmonary,  inactive,  left  lung.  Patient  at  this  time 
had  a  pneumothorax  and  a  pleuropulmonary  communication  with  a  large  cavity  formation  and 
abundant  expectoration  of  bloody  pus.  Hemolytic  streptococcus  organism  was  present  in  expec¬ 
toration.  Treated  for  tuberculosis  at  two  tuberculosis  hospitals.  Patient  partially  able  to  drain 
his  cavity  by  lying  on  his  right  side  and  coughing.  During  his  stay  at  these  hospitals  he  received 
numerous  aspirations  with  the  removal  of  from  300  to  500  c.c.  of  pus.  Sputum  continued  to  be 
negative  and  patient  was  treated  as  a  tubercuolsis  suspect  until  his  admission  to  Walter  Reed 
Hospital.  May  10,  1921,  admitted  to  the  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  anemic;  highly  septic;  poorly  nourished;  weight, 
130  pounds  (normal  weight,  190  pounds);  expectorating  bloody  pus.  Examination  of  chest 
revealed  marked  lagging  of  the  left  side  on  deep  inspiration;  scar  formation  over  the  seventh  and 
eighth  ribs,  posteriorly;  impaired  resonance  to  flat  note  over  entire  left  chest,  breath  sounds  distant. 
Radiographs  showed  marked  collapse  of  left  lung,  extensive  thickening  of  parietal  pleura  from 
apex  to  base  and  a  large  cavity  formation  extending  from  fifth  to  ninth  ribs;  posterior  chest  partially 
filled  with  fluid.  A  small  metallic  foreign  body  was  noted  in  the  region  of  the  left  hilus.  Pleuro¬ 
bronchial  fistula  present.  Patient  able  to  partially  drain  his  cavity.  There  was  osteomyelitis 
of  the  previously  resected  rib  stumps.  Clinical  laboratory  examination:  Wassermann  negative; 
sputum  negative  for  tubercle  bacilli;  white  blood  count,  10,700;  red  blood  count,  4,190,000;  urine 
negative;  culture  from  expectorated  pus  revealed  hemolytic  streptococcus  and  this  organism  was 
also  present  in  cultures  from  cavity,  when  the  latter  was  opened.  Blood  pressure:  Systolic,  115; 
diastolic,  70;  pulse  pressure,  45.  Vital  capacity  not  taken. 

May  20,  1921,  operation;  resection  of  15  cm.  of  seventh,  eighth,  and  ninth  ribs,  posterior 
scapular  line,  left  chest;  roof  of  cavity  over  this  area  excised;  cavity  laid  wide  open;  pleurobronchial 
fistula  exposed;  100  c.c.  pus  evacuated;  preparation  of  cavity  for  active  dakinization.  June  4, 
1921,  operation;  extension  of  incision  along  posterior  border  of  scapula;  resection  of  15  cm.  of  sixth 
and  seventh  ribs;  excision  of  thickened  parietal  pleura;  cavity  laid  wide  open;  closure  of  bron¬ 
chial  fistula  by  purse-string  suture,  the  communication  being  one  of  the  main  limbs  of  the 
bronchial  tree  near  hilus;  lung  mobilized  in  this  area  and  the  implantation  of  muscle  flap,  part  of 
the  infraspinatus,  over  the  site  of  the  fistula;  cavity  prepared  for  active  dakinization;  skin  inverted 
over  severed  muscles  and  fixed;  wound  firmly  packed.  Two  hours  later  patient  had  secondary 
hemorrhage  from  the  vessels  of  the  hilus;  active  measures  to  control  bleeding  were  instituted  but 
there  was  considerable  bleeding  before  hemorrhage  could  be  controlled.  Patient  passed  into 
profound  shock  and  in  spite  of  all  combative  measures  died  one  hour  later. 

Factors  to  be  combated  were  hemolytic  streptococcus  present;  pleurobron¬ 
chial  fistula  of  one  of  the  main  bronchi  near  the  hilus;  osteomyelitis  of  resected 
rib  stumps;  no  drainage  except  through  expectoration;  long-continued  sepsis. 

Case  25. — C.  O.  R.,  age  19  years.  February  13,  1921,  developed  measles;  followed  by  pneu¬ 
monia,  April  1,  1921;  and  complicated  by  empyema,  left  pleural  cavity,  hemolytic  streptococcus 
type,  May  24,  1921.  Aspirated  six  times.  May  29,  1921,  thoracotomy;  resection  of  10  cm.  of 
eighth  rib,  posterior  axillary  line,  with  the  institution  of  drainage.  Irrigated  daily.  October  18, 
1921,  admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  fairly  well  nourished;  normal  weight,  158  pounds; 
present  weight,  145  pounds.  Examination  of  chest  revealed  sinus  discharging  pus,  eighth  inter- 
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space,  posterior  axillary  line,  left  chest,  and  a  cavity  formation  with  a  capacity  of  100  c.  c.  Radio¬ 
graphs  showed  a  partial  collapse  of  the  left  lung  with  some  thickening  of  the  pleura  from  the  fourth 
to  ninth  rib,  left  lateral  chest,  and  a  cavity  formation,  extending  from  the  seventh  to  the  ninth  rib, 
filled  with  pus  and  containing  a  rubber  tube  in  its  lower  aspect;  heart  displaced  to  the  right. 
Clinical  laboratory  examination:  Wassermann  negative;  sputum  negative  for  tubercle  bacilli; 
white  blood  count,  17,460;  red  blood  count,  4,700,000;  urine  negative;  culture  from  cavity  showed 
hemolytic  streptococcus  and  staphylococcus  aureus.  Blood  pressure:  Systolic,  138;  diastolic,  88; 
pulse  pressure,  50.  Vital  capacity  reading,  2,700  c.  c. 

November  2,  1921,  resection  of  15  cm.  of  eighth  and  ninth  ribs,  posterior  axillary  line,  left 
chest;  excision  of  thickened  parietal  pleura  forming  roof  of  cavity;  the  removal  of  a  3-inch  rubber 
tube  and  the  evacuation  of  100  c.  c.  of  pus;  skin  fixed  over  severed  muscle  to  prevent  retraction; 
and  cavity  left  wide  open  for  active  dakinization.  December  1,  1921,  cavity  sterile  after  seven 
consecutive  daily  cultures;  the  lung 
had  reexpanded  and  completely 
obliterated  all  cavity;  only  a  small 
granulating  wound  of  the  skin  and 
superficial  tissues  remained  un¬ 
healed.  December  15,  1921,  patient 
healed  and  feeling  well;  lung  well 
expanded;  general  condition  excel¬ 
lent;  weight  at  present,  164  pounds; 
vital  capacity  reading,  3,800  c.  c. 

Discharged  from  hospital,  cured, 

January  6,  1922. 

Factors  to  be  combated 
in  this  case  were  hemolytic 
streptococcus  present;  foreign 
body  (rubber  tube)  which 
had  remained  in  cavity  for 
three  months;  osteomyelitis 
of  eighth  and  ninth  ribs. 

Case  26. — J.  W.  W.,  age  27 
years.  May  16,  1918,  developed 
influenza,  complicated  by  em¬ 
pyema,  left  pleural  cavity,  hemo¬ 
lytic  streptococcus  type,  June  8, 

1918.  Aspirated  once.  June  10, 

1918,  operation;  thoracotomy;  re¬ 
section  of  10  cm.  of  seventh  rib,  anterior  axillary  line,  left  chest;  pleural  cavity  opened  and  500 
c.  c.  of  pus  evacuated;  rubber- tube  valves  inserted  into  cavity  for  drainage.  October  5,  1918, 
operation;  thoractomy;  resection  of  a  portion  of  the  proximal  end  of  the  left  seventh  rib,  and  the 
institution  of  drainage.  January  12,  1919,  incision,  with  institution  of  drainage.  September 
1/,  1919,  resection  of  a  portion  of  the  seventh  rib  and  regenerated  bone,  and  drainage  again 
instituted  with  a  Dakin  solution  irrigation.  Discharged  from  service  February,  1920,  and  taken 
ovei  as  a  Public  Health  patient,  being  treated  in  a  number  of  hospitals,  and  was  sent  to  Mont 
Alto,  Pa.,  for  treatment  of  suspected  tuberculosis.  December  5,  1921,  admitted  to  empyema 
service,  Walter  Reed  General  Hospital. 

Condition  of  admission;  Ambulatory  case;  poorly  nourished;  normal  weight,  165  pounds; 
present  weight,  148  pounds;  joints  of  extremities  edematous  and  tender;  persistent  cough,  with  the 
expectoration  of  frank  pus;  highly  septic;  fingers  clubbed.  Examination  of  chest  revealed  marked 
lagging  of  the  left  side  on  deep  inspiration;  scar  formation  over  the  seventh  rib  from  the  anterior  to 
the  posterior  axillary  line;  percussion  revealed  impaired  resonance  to  flat  note  from  second  rib  to 
base  of  left  chest;  auscultation  breath  sounds  distant  and  indistinct.  Radiographs  showed  marked 
collapse  of  left  lung,  with  extensive  thickening  of  pleura,  left  lateral  chest,  from  second  rib  to  base. 


Fig.  121. — Case  26:  Area  beneath  angle  of  scapula  to  be  closed  by 

skin  and  muscle  suture. 
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and  a  large  cavity  formation  filled  with  fluid  and  extending  from  fourth  rib,  posterior  chest,  down  to 
ninth  rib;  marked  displacement  of  heart  to  the  right.  Pleurobronchial  fistula  present  and  patient 
was  partially  able  to  drain  his  cavity  by  lowering  his  head  and  coughing.  Clinical  laboratory  exami¬ 
nation:  Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  12,700; 
red  blood  count,  4,200,000;  urine  negative;  culture  from  cavity  showed  heavy  growth  of  hemolytic 
streptococcus.  Blood  pressure:  Systolic,  122;  diastolic,  80;  pulse  pressure,  32.  Vital  capacity 
reading,  2,000  c.  c. 

December  14,  1921,  operation;  resection  of  20  cm.  of  sixth,  seventh,  eighth,  and  ninth  ribs, 
posterior  axillary  line,  left  chest;  cavity  laid  wide  open  and  500  c.  c.  of  pus  evacuated;  the  thick¬ 
ened  parietal  pleura,  forming  roof  of  cavity,  excised ;  discission  of  the  visceral  pleura  to  allow  lung 

expansion  and  to  mobilize  the  lung 
about  fistula;  skin  inverted  over 
muscle  to  preserve  it  for  fi  nal  closure ; 
and  cavity  prepared  for  the  Carrel- 
Dakin  technique.  January  5,  1922, 
discission  of  visceral  pleura  and  the 
treatment  of  fistula  with  a  2  per  cent 
alcoholic  solution  of  gentian  violet 
to  mechanically  plug  it  until  granu¬ 
lations  entirely  obliterate  commu¬ 
nication.  February  20, 1922,  cavity 
entirely  obliterated;  pleurobron¬ 
chial  fistula  closed;  and  wound 
sterile  by  seven  consecutive  daily 
cultures.  February  24,  1922,  oper¬ 
ation  ;  partial  secondary  closure ;  up¬ 
per  and  posterior  aspect  of  wound 
closed  by  muscle  and  skin  with  silk¬ 
worm  gut;  and  rubber  dam  drainage. 
March  8,  1922,  operation;  secondary 
closure,  lower  aspect  of  wound;  all 
scar  tissue  removed  and  muscle  and 
skin  brought  in  apposition  and  su¬ 
tured;  rubber  dam  drainage;  and 
multiple  scarification  of  skin  to 
cause  relaxation  and  relieve  tension. 
March  20,  1922,  patient  entirely 
healed;  general  condition  excellent; 
weight  on  admission,  148  pounds; 
weight  at  present,  170  pounds; 
vital  capacity  reading,  3,200  c.  c. 
June  15,  1922,  patient  discharged,  entirely  cured;  healed  two  months;  condition  excellent. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present; 
pleurobronchial  fistula  present;  osteomyelitis  with  sequestration  of  rib. 

Case  27. — C.  F.  N.,  age  20  years.  February  4,  1921,  developed  pneumonia;  complicated  by 
empyema  left  pleura  cavity,  hemolytic  streptococcus  type,  May  3,  1921.  Aspirated  once.  May  5, 
1921,  thoracotomy;  resection  of  10  cm.  of  eighth  rib,  posterior  scapular  line,  with  the  evacuation 
of  500  c.  c.  of  pus  and  the  institution  of  drainage;  Dakin’s  solution  used  to  irrigate  cavity.  Decem¬ 
ber  3,  1921,  admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  well  nourished;  about  normal  in  weight  (145 
pounds).  Examination  of  chest:  Sinus  discharging  pus,  eighth  interspace  posterior  scapular  line, 
left  chest.  Radiographs  showed  partial  collapse  of  left  lung,  with  some  thickening  of  parietal 
pleura,  left  lateral  chest,  and  a  cavity  formation  extending  from  sixth  to  tenth  rib,  posterior  scapu¬ 
lar  line,  with  a  capacity  of  100  c.  c.;  osteomyelitis  of  eighth  and  ninth  ribs  in  the  area  of  primary 
operation.  Clinical  laboratory  examination:  Wassermann  negative;  sputum  negative  for  tubercle 
bacilli;  white  blood  count,  9,800;  red  blood  count,  4,890,000;  urine  negative;  culture  from  cavity 
showed  hemolytic  streptococcus  and  staphylococcus  aureus.  Blood  pressure:  Systolic,  126; 
diastolic,  82;  pulse  pressure,  44.  Vital  capacity  reading,  2,800  c.  c. 


Fig.  122. — Case  26:  Lateral  view  of  final  result. 
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Case  28. — B.  F.  L.,  age  28  years 
October  13, 1918,  was  gassed  in  action 
in  Argonne  Forest  (patient’s  state¬ 
ment),  and  was  treated  in  hospital 
until  December,  1918.  Discharged 
from  service  February  27,  1919.  De¬ 
veloped  influenza  and  pneumonia 
March  1,  1919;  complicated  by  em¬ 
pyema,  left  pleural  cavity,  hemolytic 
streptococcus  type,  March  20,  1919. 

Aspirated  twice.  March  28, 1919,  op¬ 
eration;  thoracotomy;  resection  of  a 
portion  of  the  eighth  rib  posterior  ax¬ 
illary  line,  with  the  institution  of 
drainage.  June  8, 1920,  thoracotomy; 
resection  of  a  portion  of  the  seventh 
rib,  posterior  axillary  line,  and  the 
removal  of  regenerated  eighth  rib  in 
the  area  of  operation,  with  the  insti¬ 
tution  of  drainage.  October  29, 1920, 
operation;  resection  of  an  additional 
portion  of  the  anterior  stumps  of  the 
seventh  and  eighth  ribs,  with  the  in¬ 
stitution  of  drainage.  Patient  stated 
that  he  was  reopened  to  institute 

drainage  eleven  times  in  addition  to  the  above  operations.  January  20,  1922,  admitted  to  em¬ 
pyema  service,  Walter  Reed  General  Hospital. 


Fig.  123. — Case  26:  Posterior  view  of  final  result. 


December  8,  1921,  operation;  resection  of  15  cm.  of  the  seventh,  eighth,  and  ninth  ribs 
posterior  scapular  line;  excision  of  thickened  parietal  pleura  forming  roof  of  cavity;  discission  of 
visceral  pleura  to  allow  lung  expansion;  skin  inverted  over  muscle  to  preserve  it  for  final  closure- 
and  preparation  of  cavity  for  the  Carrel-Dakin  technique.  January  20,  1922,  lung  had  expanded’ 
and  cavity  was  down  to  one-fourth  its  size  and  was  sterile;  patient's  general  condition  was  excellent. 
January  24,  1922,  plastic  closure;  a  portion  of  the  latissimus  dorsi  implanted  into  the  remaining 
space  and  the  severed  superficial  muscles  and  skin  brought  in  apposition  and  sutured;  rubber 
dam  drainage  along  suture  line.  February  15,  1922,  patient  completely  healed  and  feeling  well 
Appetite  improved;  gain  weight  and  strength.  March  1,  1922,  patient  healed;  general  condi¬ 
tion  excellent;  weight,  150  pounds.  Vital  capacity  reading,  3.900  c.  c.  May  16  192''  patient 
discharged,  cured.  Healed  three  months. 

Factors  to  be  combated 
in  this  case  were  hemolytic 
streptococcus  present;  prima¬ 
ry  drainage  not  dependent; 
osteomyelitis  of  eighth  and 
ninth  ribs. 


Condition  on  admission:  Ambulatory  case;  poorly  nourished;  normal  weight,  140  pounds- 
present  weight,  117  pounds;  extremities  edematous;  patient  showed  the  facies  of  sepsis;  fingers 
clubbed ;  and  marked  anemia  present.  Examination  of  chest  revealed  sinus  discharging  pus  seventh 
interspace,  posterior  axillary  line,  left  chest;  pleurobronchial  fistula  present.  Radiographs  showed 
marked  collapse  of  left  lung;  extensive  thickening  of  the  parietal  pleura  from  apex  to  base,  left 
lateral  chest,  and  a  large  cavity  (capacity  of  450  c.  c.)  partially  filled  with  pus,  extending  from 
this  rib  to  ninth  rib,  the  upper  aspect  of  cavity  communicating  with  the  main  cavity  only  by  means 
of  a  small  sinus.  Clinical  laboratory  examination:  Wassermann  plus  minus  (had  been  double  plus 
and  patient  had  received  two  courses  of  antisyphilitic  treatment);  sputum  negative  for  tubercle 
bacilli;  white  blood  count,  18,550;  red  blood  count,  4,130,000;  urine  showed  trace  of  albumin; 
culture  from  cavity  showed  hemolytic  streptococci.  Blood  pressure:  Systolic,  110;  diastolic,  74- 
pulse  pressure,  36.  Vital  capacity  reading,  1,700  c.  c. 


378 


SURGERY. 


January  23,  1922,  operation;  resection  of  20  cm.  of  sixth,  seventh,  eignth,  and  ninth  ribs, 
posterior  axillary  line,  left  chest;  removal  of  thickened  parietal  pleura  and  the  excision  of  thick 
bands  of  fibrous  tissue  dividing  the  main  cavity  into  three  subcavities;  the  fistula  exposed  and  the 
skin  inverted  over  the  severed  muscles;  cavity  left  open  for  active  dakinization.  February  23, 
1922,  operation;  resection  of  20  cm.  of  fourth  and  fifth  ribs  and  5  cm.  of  the  posterior  stumps  of  the 
sixth  and  seventh  ribs;  excision  of  parietal  pleura  forming  roof  of  secondary  cavity;  discission  of 
visceral  pleura  to  allow  lung  expansion;  cavity  left  wide  open  for  active  dakinization;  skin  inverted 
over  severed  muscles  and  fixed  over  rib  ends  to  prevent  retraction  and  to  render  dressing  less  painful; 
multiple  scarifications  of  skin  to  relieve  tension.  March  8,  1922,  fistula  closed  by  means  of  repeated 
applications  of  a  2  per  cent  alcoholic  solution  of  gentian  violet;  cavity  appeared  to  be  cleaning 
up;  patient’s  general  condition  greatly  improved;  all  edema  had  disappeared  from  extremities. 
March  23,  1922,  resection  of  10  cm.  of  third  and  fourth  ribs,  posterior  scapular  line;  removal  of  roof 
of  secondary  cavity  and  remaining  sinus  injected  with  iodoform  emulsion;  muscle  implantation 
into  apex  of  cavity  to  obliterate  the  remaining  space;  and  continuation  of  active  dakinization  of 
entire  cavity.  June  9,  1922,  resection  of  a  portion  of  second,  third,  fourth,  fifth  and  sixth  ribs, 
posterior  scapular  line,  left  chest;  excision  of  thickened  parietal  pleura  forming  roof  of  cavity; 
entire  secondary  cavity  exposed  and  complete  area  left  open  for  active  dakinization.  June  26, 
1922,  jDatient  on  active  dakinization;  entire  cavity  wide  open.  Bacterial  count  showed  several 
sterile  cultures.  All  edema  of  feet  and  ankles  had  cleared  up.  General  condition  greatly  improved. 

Because  this  patient  was  undergoing  vigorous  antisyphilitic  treatment  the  cavity  was  left  open. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present; 
thickened  pleura;  faulty  drainage;  scoliosis;  accessory  cavity. 

Case  29. — C.  A.  W.,  age  30  years.  December  4,  1918,  developed  influenza  and  pneumonia; 
complicated  by  empyema,  left  pleural  cavity,  hemolytic  streptococcus  type,  December  26,  1918. 
Aspirated  once.  December  27,  1918,  thoracotomy;  resection  of  a  portion  of  the  ninth  rib,  posterior 
axillary  line,  with  the  institution  of  better  drainage,  irrigated  with  Dakin’s  solution  once  daily  to 
cleanse  cavity.  Discharged  from  the  Service  September  5, 1920,  still  draining.  Patient  stated  that 
he  had  closed  and  had  been  reopened  eight  times  to  institute  drainage.  January  15,  1922,  admitted 
to  the  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished  and  considerably  under  weight; 
anemic  and  with  a  septic  appearance;  extremities  edematous;  fingers  clubbed,  weight  on  admis¬ 
sion  135  pounds.  Examination  of  chest  revealed  sinuses  discharging  pus  over  seventh  and  ninth 
ribs,  posterior  axillary  line,  left  chest;  pleurobronchial  fistula  present.  Radiographs  showed 
marked  collapse  of  left  lung  with  some  fibrosis;  extensive  thickening  of  the  parietal  pleura  from  the 
second  rib  to  the  base,  left  lateral  chest,  and  a  cavity  formation  filled  with  pus  extending  from  third 
rib  to  ninth  rib.  Capacity  of  cavity  about  400  c.  c.  Clinical  laboratory  examination:  Wassermann 
negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  16,450;  red  blood  count,  4,580,000; 
urine  negative;  culture  from  cavity  showed  hemolytic  streptococcus  and  staphylococcus  aureus. 
Blood  pressure:  Systolic,  128;  diastolic,  80;  pulse  pressure,  48.  Vital  capacity  reading,  1,600  c.  c. 

January  23,  1922,  operation;  resection  of  30  cm.  of  seventh,  eighth,  ninth  and  tenth  ribs 
posterior  axillary  line,  left  chest,  excision  of  roof  of  cavity  and  thickened  parietal  pleura  and  the 
exposure  of  part  of  the  cavity  and  the  pleuropulmonary  communication;  skin  inverted  over 
muscle  and  saved  for  final  closure;  cavity  left  wide  open  for  active  dakinization.  February  13, 
1922,  operation;  resection  of  20  cm.  of  fourth,  fifth  and  sixth  ribs,  posterior  scapular  line,  left  chest; 
removal  of  thickened  parietal  pleura  overlying  cavity  and  secondary  cavity  exposed;  discission  of 
visceral  pleura  to  allow  lung  expansion;  entire  cavity  left  wide  open  for  active  dakinization. 
March  8,  1922,  patient’s  general  condition  greatly  improved;  cavity  one-half  its  original  size  and 
apparently  cleaning  up;  no  edema  of  extremities  present.  May  29,  1922,  plastic  closure,  muscle 
and  skin,  with  the  implantation  of  a  portion  of  the  subscapularis  and  latissimus  dorsi  muscles; 
tissues  brought  in  apposition  by  means  of  silkworm  gut  sutures;  rubber  dam  and  two  Carrel  tubes 
used  for  drainage  for  48  hours;  multiple  scarification  of  skin  to  cause  relaxation.  June  26,  1922, 
there  were  three  small  sinuses  along  suture  line  as  result  of  infection  following  plastic  closure,  which 
were  being  gradually  obliterated;  lung  well  expanded;  general  condition  excellent;  patient  was 
taking  on  some  weight;  vital  capacity  reading,  2,600  c.  c.  Patient  entirely  healed. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present; 
pleurobronchial  fistula  present;  fibrosis  of  lung;  secondary  cavities  or  diver¬ 
ticula;  diminished  vital  capacity. 
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Case  30. — A.  T.,  age  30  years.  November  27,  1921,  received  gunshot  wound,  perforating,  left 
chest;  complicated  by  empyema,  left  pleural  cavity,  hemolytic  streptococcus  type,  December  5. 
1921.  Aspirated  four  times.  Received  two  operations  prior  to  admission  to  this  hospital  with 
resection  of  seventh  and  eighth  ribs,  midscapular  line,  left  chest  with  the  institution  of  drainage, 
February  14,  1922,  admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished;  under  weight;  highly  septic  and 
showing  some  anemia ;  weight  on  admission,  120  pounds  (normal  weight,  154  pounds) .  Examination 
of  chest:  Sinus  discharging  pus  eighth  interspace,  midscapular  line,  left  chest;  pleurobronchial 
fistula  present.  Radiograph  showed  some  collapse  of  left  lung  with  considerable  thickening  of 
parietal  pleura,  left  lateral  chest,  and  a  cavity  formation  extending  transversely  in  region  of  fifth, 
sixth,  and  seventh  ribs,  which  was  partially  filled  with  pus  and  having  a  capacity  of  about  300  c.  c. 
Clinical  laboratory  examination:  Wassermann  negative;  urine  showed  trace  of  albumin;  sputum 
negative  for  tubercle  bacilli;  red  blood  count,  3,960,000;  white  blood  count,  10,800;  hemoglobin, 
75  per  cent;  pus  from  cavity  showed  hemolytic  streptococci.  Blood  pressure:  Systolic,  118; 
diastolic,  80;  pulse  pressure,  38.  Vital  capacity  reading,  1,900  c.  c. 

March  13,  1922,  resection  of  15  cm.  of  fifth,  sixth,  seventh,  and  eighth  ribs,  posterior  axillary 
line;  excision  of  thickened  parietal  pleura  over  cavity;  discission  of  visceral  pleura  and  lung  freed 
about  fistula;  cavity  left  open  for  active  dakinization;  skin  inverted  over  superficial  muscle  to 
preserve  it  for  final  closure.  May  4,  1922,  excision  of  diverticulum  and  entire  cavity  left  open  for 
continued  dakinization;  small  detached  sequestra  removed  from  angle  of  scapula;  and  superficial 
muscle  brought  over  angle  of  scapula  and  fixed.  May  18,  1922,  plastic  closure  of  remaining  empy¬ 
ema  cavity  with  the  implantation  of  both  muscle  and  skin  flap  in  situ;  the  entire  area  closed; 
muscle  and  skin  brought  in  apposition  and  sutured  by  means  of  silkworm  gut;  multiple  scarifications 
of  skin  to  cause  relaxation  and  to  prevent  slough;  rubber  dam  drainage  for  24  hours.  June 
5,  1922,  there  were  two  small  areas  along  the  suture  line  which  were  not  healed  as  the  result  of 
infection  following  plastic  closure.  These  were  being  gradually  obliterated.  June  26,  1922, 
all  but  healed;  two  small  areas  described  above  were  nearly  obliterated  and  had  no  connection 
with  the  empyema  cavity;  lung  was  well  expanded;  cavity  formation  had  been  obliterated;  general 
condition  excellent;  patient  had  taken  on  weight.  Weight  on  admission,  120  pounds;  present 
weight,  147  pounds.  Vital  capacity  reading,  3,100  c.c. 

Factors  to  be  combated  were  hemolytic  streptococcus  present;  osteo¬ 
myelitis  with  sequestration  of  ribs  and  angle  of  scapula;  pleurobronchial  fistula; 
diverticulum  and  secondary  cavity;  bullet  tract  through  lung  to  be  obliterated. 

Case  31. — W.  R.,  age  28  years.  February  1,  1917,  developed  pneumonia;  complicated  by 
empyema,  right  pleural  cavity,  hemolytic  streptococcus  type,  February  11,  1917.  Aspirated  three 
times.  February  14,  1917 ;  operation;  thoracotomy;  resection  of  a  portion  of  the  ninth  rib,  posterior 
axillary  line;  and  the  institution  of  drainage.  Patient  healed  March  6,  1918,  and  entered  the 
military  service  May  28,  1918.  Remained  on  active  duty  without  recurrence  until  June  28,  1919, 
when  he  was  discharged  from  the  service.  July  6,  1919,  developed  a  recurrence  of  empyema. 
July  8,  1919,  operation;  incision  and  drainage,  and  irrigation  with  Dakin’s  solution  daily.  Had 
healed  and  been  reopened  at  least  15  times.  March  29,  1922,  admitted  to  empyema  service,  Walter 
Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  well  nourished;  normal  in  weight;  but  slightly 
anemic  and  highly  septic.  Weight  on  admission,  180  pounds.  Examination  of  chest  revealed 
sinus  discharging  pus  ninth  interspace,  midscapular  line,  right  chest.  Radiograph  showed  some 
collapse  of  the  right  lung  and  extensive  thickening  of  the  parietal  pleura  from  apex  to  base,  right 
lateral  chest;  cavity  formation  extending  transversely  from  seventh  to  ninth  rib,  with  a  capacity 
of  250  c.c.  Clinical  laboratory  examination:  Wassermann  double  plus;  sputum  negative  for 
tubercle  bacilli;  red  blood  count,  4,110,000;  white  blood  count,  10,700;  hemoglobin,  80  per  cent; 
urine  negative;  culture  from  cavity  showed  hemolytic  streptococci.  Blood  pressure:  Systolic, 
130;  diastolic,  80;  pulse  pressure,  50.  Vital  capacity  reading,  2,900  c.c. 

March  31,  1922,  resection  of  20  cm.  seventh,  eighth,  and  ninth  ribs,  posterior  axillary  line, 
excision  of  thickened  parietal  pleura;  entire  cavity  laid  wide  open;  two  diverticula  draining 
into  main  cavity  were  excised;  implantation  of  a  portion  of  the  serratus  magnus  into  the  anterior 
aspect  of  the  cavity;  skin  inverted  over  superficial  muscles  and  fixed;  multiple  scarification  of 
skin  to  cause  relaxation;  preparation  of  cavity  for  active  dakinization.  April  17,  1922,  resection 
of  10  cm.  of  the  ninth  and  tenth  ribs  midaxillary  line  to  remove  osteomyelitic  involvement;  skin 
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inverted  over  superficial  muscle;  entire  cavity  left  wide  open  for  continued  dakinization.  May 
31,  1922,  excision  of  sinus  tract  draining  into  main  cavity;  removal  of  a  sequestrum  or  detached 
particles  of  rib  fragments  in  area  of  seventh  rib;  entire  area  left  open  for  continued  dakinization. 
June  21,  1922,  plastic  closure,  muscle  and  skin;  implantation  of  portion  of  superficial  muscle  body 
into  remaining  space;  after  maximum  lung  expansion  had  been  obtained;  all  scar  tissue  excised; 
severed  muscles  and  skin  brought  in  apposition  by  means  of  silkworm  gut  sutures;  rubber  dam 
drainage  for  48  hours;  multiple  scarification  of  skin  to  cause  relaxation.  June  28,  1922,  all  sutures 
removed  and  area  healed  by  primary  intention;  lung  was  well  expanded;  general  condition  ex¬ 
cellent;  vital  capacity,  3,400  c.c. 

Factors  to  be  combated  were  hemolytic  streptococcus  present;  osteo¬ 
myelitis  with  sequestration;  diverticula  and  numerous  sinus  tracts  draining 
into  remaining  cavity;  syphilis,  tertiary,  manifested  by  double  plus  Wasser- 

mann;  profuse  acne. 

Case  32. — J.  M.  P.,  age  28  years. 
October  12,  1921,  developed  pneu¬ 
monia;  complicated  by  empyema, 
right  pleural  cavity,  hemolytic 
streptococcus  type,  November  12, 
1921.  Aspirated  once.  Received  two 
operations  prior  to  admission  to 
Walter  Reed  General  Hospital,  with 
resection  of  the  seventh  and  ninth 
ribs  and  the  institution  of  drainage, 
and  the  instillation  of  Dakin’s  solu¬ 
tion  once  daily  to  cleanse  cavities. 
February  14,  1922,  admitted  to 

empyema  service,  Walter  Reed 
General  Hospital. 

Condition  on  admission:  Ambula¬ 
tory  case;  fairly  well  nourished  but 
highly  septic  and  showing  some 
anemia;  normal  weight,  150  pounds; 
present  weight,  133  pounds.  Ex¬ 
amination  of  chest  revealed  two 
sinuses  discharging  pus,  one  in  the 
seventh  interspace  and  the  second 
in  the  ninth  interspace,  posterior 
axillary  line,  left  chest.  Radio¬ 
graphs  showed  some  collapse  of  the 
right  lung  and  considerable  thicken¬ 
ing  of  parietal  pleura  from  the  third 
rib  to  base,  and  a  cavity  formation, 
hour  glass  in  character,  extending 
from  the  sixth  to  tenth  rib,  with  a  capacity  of  350  c.c.  Clinical  laboratory  examination:  Wasser- 
mann  negative;  sputum  negative  for  tubercle  bacilli;  red  blood  count,  4,180,000;  white  blood 
count,  18,950;  hemoglobin,  70  per  cent;  urine  showed  trace  of  albumin,  many  pus  cells;  culture 
from  cavity  showed  hemolytic  streptococcus.  Blood  pressure:  Systolic,  136;  diastolic,  88;  pulse 
pressure,  48.  Vital  capacity  reading,  2,200  c.c. 

This  case  was  treated  by  the  sterilization  method  due  to  its  short  duration;  but  under  the  most 
rigid  Carrel-Dakin  technique  the  cavity  infection  failed  to  clear  up,  hence  this  method  of  treatment 
was  abandoned  and  surgical  intervention  instituted. 

April  10,  1922,  resection  of  15  cm.  of  the  seventh  and  eighth  ribs,  posterior  scapular  line,  and 
resection  of  10  cm.  of  the  ninth  and  tenth  ribs,  midaxillary  line;  excision  of  thickened  parietal 
pleura  forming  roof  of  cavity;  entire  area  laid  wide  open  for  active  dakinization;  skin  inverted 
over  severed  superficial  muscles  and  fixed  to  preserve  them  for  final  closure;  multiple  scarification 
to  cause  relaxation  along  suture  line.  May  25,  1922,  resection  of  necrotic  rib  stumps  of  seventh 


Fig.  124. — Case  33:  A  stage  in  the  plastic  closure  by  muscle 

implantation. 
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and  eighth  ribs,  previously  resected;  excision  of  small  sinus  tract  draining  into  main  cavity;  entire 
area  left  open  for  continued  dakinization.  June  20,  1922,  plastic  closure  by  muscle  and  skin, 
with  implantation  of  superficial  muscle  body  into  remaining  space  after  maximum  lung  expansion 
had  been  obtained;  all  scar  tissue  excised;  muscle  and  skin  brought  in  apposition  by  means  of 
silkworm  gut  sutures.  Rubber  dam  drainage  for  48  hours;  multiple  scarification  of  skin  to  cause 
relaxation  and  prevent  future  slough.  June  28,  1922,  all  sutures  removed  and  area  found  healed 
by  primary  intention.  Lung  was  well  expanded;  general  condition  was  excellent;  weight,  144 
pounds;  vital  capacity  reading,  3,400  c.c. 

Factors  to  be  combated  were  hemolytic  streptococcus;  osteomyelitis  with 
rib  sequestration;  diverticulum  or  secondary  cavity. 

Case  33.  J.  W .  S.,  age  26  years.  February  19,  1919,  developed  pneumonia;  complicated  by 
empyema,  right  pleural  cavity,  hemolytic  streptococcus  type,  April  1,  1919.  Aspirated  three 
times.  April  9, 1919,  operation;  tho¬ 
racotomy;  resection  of  5  cm.  of  eighth 
rib,  posterior  axillary  line;  and  the 
institution  of  drainage.  October  19, 

1919,  operation;  resection  of  15  cm.  of 
seventh,  eighth,  and  ninth  ribs,  pos¬ 
terior  axillary  line,  with  removal  of 
parietal  pleura  and  decortication  of 
visceral  pleura;  lower  aspect  of  wound 
left  open  for  drainage.  November 
27,  1920,  admitted  to  empyema  serv¬ 
ice,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambu¬ 
latory  case;  fairly  well  nourished  and 
about  normal  in  weight  (175  pounds). 

Examination  of  chest  revealed  sinus 
discharging  pus  ninth  interspace, 
posterior  axillary  line,  right  chest. 

Radiographs  showed  ribs  resected  as 
enumerated  above  and  a  marked 
thickening  of  the  parietal  pleura, 
right  lateral  chest,  with  a  partial 
collapse  of  right  lung  and  a  cavity 
formation  with  a  capacity  of  about 
200  c.  c.  Clinical  laboratory  examina¬ 
tion:  Wassermann  negative;  sputum 
positive  for  tubercle  bacilli;  white 
blood  count,  8,600;  red  blood  count, 

4,620,000;  urine  negative;  culture 
from  cavity  showed  hemolytic  strepto¬ 
coccus  and  bacillus  proteus.  Blood  pressure:  Systolic,  118;  diastolic,  82;  pulse  pressure,  36. 
Vital  capacity  reading,  2,600  c.  c.  January  13,  1922,  operation;  resection  of  20  cm.  of  seventh, 
eighth,  and  ninth,  and  tenth  ribs,  posterior  scapular  line,  cavity  being  laid  widely  open;  discission 
of  visceral  pleura;  active  dakinization  followed  and  the  cavity  was  obliterated  by  re-expansion  of 
the  lung  until  it  wras  about  one-fifth  its  original  size.  Seven  consecutive  daily  cultures  showing 
no  growth  were  obtained  and  maximum  amount  of  lung  expansion  occurred.  April  6,  1921,  oper¬ 
ation;  plastic  closure  of  defect  by  muscle  implantation;  severed  superficial  muscles  brought  in 
apposition  and  sutured ;  skin  closed  with  silkworm  gut  and  rubber  dam  drainage  instituted  between 
the  sutures  along  the  suture  line.  May  15,  1921,  patient  entirely  healed;  general  condition  good; 
weight,  180  pounds;  vital  capacity  reading,  3,100  c.  c.  June  14,  1921,  transferred  to  General 
Hospital  No.  19,  Oteen,  N.  C.,  for  active  pulmonary  tuberculosis.  Empyema  healed. 

Factors  to  be  combated  m  tbis  case  were  liemolytic  streptococcus  organism 
present;  primary  drainage  was  not  dependent;  active  pulmonary  tuberculosis; 
osteomyelitis  of  resected  rib  stumps. 
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Case  34.— P.  F.  H.,  age  30  years.  September  10,  1918,  developed  influenza,  American 
Expeditionary  Forces,  France.  Discharged  from  service  July  8,  1919.  Second  attack  of  influenza 
August  2,  1920;  complicated  by  empyema,  right  pleural  cavity,  hemolytic  streptococcus  type, 
September  1,  1920.  Aspirated  five  times.  September  9,  1920,  operation;  thoracotomy;  resection 
of  10  cm.  of  sixth  rib,  midaxillary  line,  with  the  institution  of  drainage.  October  3,  1921,  admitted 
to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished;  weight,  125  pounds  (normal 
weight,  145  pounds),  fingers  clubbed;  anemic.  Examination  of  chest  revealed  sinus  discharging 
pus  sixth  interspace  midaxillary  line  with  a  large  cavity  formation  filled  with  pus.  Radiographs 
showed  marked  collapse  of  right  lung  with  extensive  thickening  of  parietal  pleura,  right  lateral 
chest,  from  apex  to  base,  and  a  cavity  formation,  with  a  capacity  of  500  c.  c.,  extending  from 
second  rib  to  eighth  rib;  osteomyelitis  with  sequestration  of  sixth  and  seventh  ribs,  midaxillary 
line.  Clinical  laboratory  examin¬ 
ation:  Wassermann  negative;  sputum 
negative  for  tubercle  bacilli;  white 
blood  count,  16,150;  red  blood  count, 

4,120,000;  urine  negative;  culture 
from  cavity  showed  hemolytic  strep¬ 
tococci.  Blood  pressure:  Systolic, 

108;  diastolic,  78;  pulse  pressure,  30. 

Vital  capacity  reading,  1,700  c.  c. 

October  12, 1921,  resection  of  15  cm. 
of  sixth,  seventh,  and  eighth  ribs, 
posterior  axillary  line,  right  chest, 
excision  of  thickened  parietal  pleura 
forming  roof  of  cavity;  evacuation  of 
about  500  c.  c.  of  pus;  skin  inverted 
over  muscles  that  were  severed ;  and 
cavity  left  open  for  active  dakini- 
zation.  October  16,  1921,  patient  on 
active  dakinization  and  improving. 

With  the  thickening  of  the  parietal 
pleura  and  the  fixation  of  the  lung  in 
such  a  firm  state  of  collapse,  this  case 
evidently  had  some  pleural  involve¬ 
ment  wdth  his  first  attack  of  influenza. 

This  was  not  noticed  or  at  least  did  not 
receive  surgical  attention.  November 
29,  1921,  operation;  resection  of  20  cm. 
of  fourth,  fifth,  sixth,  seventh,  and 
eighth  ribs,  anterior  axillary  line; 
excision  of  roof  of  cavity  and  prepara¬ 
tion  of  cavity  for  active  dakinization.  December  30,  1921,  operation;  resection  of  10  cm.  of 
fourth,  fifth,  sixth,  seventh  ribs,  posterior  scapular  line,  right  chest;  excision  of  thickened  parietal 
pleura;  discission  of  visceral  pleura;  skin  brought  over  muscle  and  fixed  to  prevent  retraction 
and  to  preserve  it  for  future  closure;  multiple  scarifications  of  skin  to  cause  relaxation;  cavity  left 
open  for  dakinization.  February  3,  1922,  operation;  resection  of  5  cm.  of  fourth  and  fifth  ribs  which 
showed  some  necrosis;  cavity  left  wide  open  for  active  dakinization.  March  8,  1922,  patient  im¬ 
proving;  lung  expanding  and  cavity  cleaning  up.  March  13,  1922,  resection  of  necrosed  rib  pre¬ 
viously  resected;  removal  of  a  portion  of  the  fifth  rib,  anterior  aspect;  excision  of  sinus  tract; 
preparation  of  entire  cavity  for  active  dakinization.  May  17, 1922,  plastic  closure  by  muscle  and 
skin,  anterior  aspect  of  cavity;  posterior  aspect  left  open  for  continuation  of  dakinization;  multiple 
scarifications  of  skin  to  cause  relaxation;  rubber  dam  and  Carrel  tube  drainage  for  48  hours. 

Factors  to  be  combated  in  this  case  were  osteomyelitis  of  rib  stumps; 
hemolytic  streptococcus  present. 

Case  35. — H.  J.,  age  28  years.  December  8,  1919  developed  influenza,  complicated  by 
empyema  December  10,  1919.  Aspirated  once.  January  6,  1920,  patient  was  operated  on  at  his 


Fig.  128. — Case  35:  The  first  fractional  operation  in  the  treatment 
of  a  chronic  emtpyema  cavity. 
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129. — Case  35  : 


Plastic  implantation  of  muscle. 
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home  and  a  small  section  of  the  tenth  rib  resected.  Drainage  was  instituted.  Patient  continued 
to  drain.  May  29,  1920,  operation  by  civilian  physician;  resection  of  portion  of  ninth  rib; 
drainage  continued  until  date  of  admission.  December  1,  1920,  admitted  to  empyema  service, 
Walter  Reed  General  Hospital. 

Condition  on  admission:  General  condition  fairly  good;  weight,  145  pounds  (normal  weight, 
160  pounds);  fairly  well  nourished.  Examination  of  chest,  showed  two  sinuses  at  the  level  of  the 
ninth  and  tenth  ribs,  respectively,  with  exuberant  granulations,  and  disc  harging  heavy,  thick  pus; 
a  probe  could  be  inserted  for  a  distance  of  about  20  cm.  Radiograph  showed  a  cavity  extending 
from  the  point  of  resection  of  the  ninth  and  tenth  ribs  from  the  midscapular  line  to  the  anterior 
axillary  line  at  the  level  of  the  midportion  of  the  lung.  There  was  some  collapse  of  the  lung  with 
a  thickening  of  the  pleura  along  the  lower  lateral  chest  wall.  Clinical  laboratory  examination: 
Wassermann  negative;  urine  negative;  sputum  negative  for  tubercle  bacilli;  red  blood  count, 
4,300,000;  white  blood  count,  7,100; 
hemoglobin,  80  per  cent;  culture  from 
cavity  showed  streptococcus  hemo- 
lyticus  and  staphylococcus  aureus. 

Drainage  and  active  dakinization 
of  the  cavity  was  immediately 
started  with  a  view  to  getting  it  as 
clean  as  possible  before  operation. 

January  12,  1921,  resection  of  the 
eighth,  ninth,  and  tenth  ribs  over¬ 
hang  the  sinus  tract.  On  the  re¬ 
moval  of  the  intercostal  structures 
and  the  parietal  pleura,  a  cavity,  S 
inches  long  and  1  inch  wide  was 
exposed  with  an  accessory  cavity 
draining  through  a  small  sinus  into 
the  first  cavity  and  lying  at  right 
angles  to  it  at  its  midportion.  The 
secondary  cavity  was  about  4  inches 
long  and  2  inches  wide.  The  cavity 
was  completely  exposed  and  after 
the  severed  muscle  bodies  on  either 
side  of  the  wound  were  tucked  in 
and  covered  over  by  sliding  the  un¬ 
dermined  skin  forward  and  suturing 
it  into  place,  the  wound  was  packed 
with  gauze  in  preparation  for  the 
usual  Dakin  treatment.  After  opera¬ 
tion  patient  put  on  weight  rapidly, 
the  wound  was  obliterated  in  a  short 
time  and  the  lung  expanded  until  only  a  superficial  gutter  was  left  with  the  visceral  pleura 
forming  the  floor.  March  31,  1921,  plastic  operation  under  local  anesthesia;  excision  of  all  scar 
tissue;  the  skin  and  subcutaneous  tissues  covering  the  previously  prepared  muscle  bodies  under¬ 
mined  and  dissected  up;  the  muscle  body  was  split  and  its  lower  half  was  implanted  into  the  upper 
angle  of  the  wound  and  sutured  to  the  visceral  pleura  filling  up  the  gap;  the  lower  half  of  the  wound 
was  covered  over  by  sliding  forward  the  skin  flaps  from  either  side.  Two  Carrel  tubes  were  inserted 
beneath  the  muscle  implanted  for  the  instillation  of  Dakin’s  solution  for  a  few  days  and  rather  firm 
dressing  was  applied.  All  drainage  was  discontinued  after  a  week  and  the  wound  healed  by  first 
intention.  Just  previous  to  the  above  plastic  operation  a  small  sinus  was  found  leading  forward  from 
the  anterior  angle  of  the  wound.  The  sinus  was  split  open  and  one  of  the  resected  rib  stumps  found 
necrotic.  May  18,  1921,  patient  discharged. 

Factors  to  be  combated  were  hemolytic  streptococcus  present;  thickened 
pleura;  faulty  drainage;  diverticulum  or  secondary  cavity;  scoliosis. 


Fig.  131. — Case  35:  The  final  result,  obtained  by  fractional  procedures. 
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Case  36.— G.  M.  A.,  aged  23  years.  March  23,  1921,  developed  pneumonia;  complicated 
by  empyema,  left  pleural  cavity,  hemolytic  streptococcus  type,  May  1,  1921.  Aspirated  three 
times.  May  9,  1921,  operation;  thoracotomy;  resection  of  10  cm.  sixth,  rib,  anterior  axillary  line, 
with  the  institution  of  drainage,  and  irrigation  with  Dakin’s  solution  daily.  June  9, 1921,  admitted 
to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished;  anemic;  showing  some  loss  in 
weight;  marked  shortness  of  breath.  Present  weight,  111  pounds.  Examination  of  chest  revealed 
sinus  discharging  pus  sixth  interspace,  anterior  axillary  line,  left  chest;  pleurobronchial  fistula 
present;  and  a  cavity  formation  with  a  capacity  of  200  c.  c.  Radiographs  showed  partial  collapse 
of  left  lung  with  some  thickening  of  the  parietal  pluera,  left  lateral  chest,  from  the  second  to  ninth 
rib,  and  a  cavity  formation  running  transeversely  across  the  chest  from  the  nipple  line  anterior  to  the 
posterior  scapular  line,  the  lower  aspect  of  it  being  on  a  level  with  the  seventh  rib;  heart  slightly 
displaced  to  the  right  and  posteriorly.  Clinical  laboratory  examination:  Wassermann  negative: 
sputum  negative  for  tubercle  bacilli;  white  blood  count,  19,300;  red  blood  count,  4,720,000;  urine 
negative;  culture  from  cavity  showed  hemolytic  streptococcus  and  staphylococcus  aureus.  Blood 
pressure:  Systolic,  115;  diastolic,  82;  pulse  pressure,  33.  Vital  capacity  reading  not  taken. 

June  30,  1921,  operation;  resection  of  20  cm.  of  seventh  rib,  posterior  axillary  line,  left  chest; 
cavity  laid  wide  open  and  lung  freed  about  fistula  and  allowed  to  retract,  thus  mobilizing  site 
of  fistula;  skin  fixed  over  muscles  which  were  severed  to  prevent  retraction;  cavity  left  wide  open 
for  active  dakinization.  July  25,  1921,  lung  well  expanded;  fistula  closed  and  wound  well  granu¬ 
lated,  cavity  obliterated,  se\en  consecutive  sterile  cultures  having  been  obtained,  cavity  was 
allowed  to  close.  September  15,  1921,  patient  entirely  healed  and  feeling  well:  general  condition 
excellent,  weight,  135  pounds.  Vital  capacity  reading,  3,200  c.  c.  Discharged  from  the  service 
and  hospital  as  cured  December  8,  1921. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present* 
pleurobronchial  fistula  present;  drainage  not  dependent. 

Case  37.— O.  C.,  age  22  years.  December  20,  1919,  developed  influenza;  complicated  by 
empyema,  right  pleural  cavity,  hemolytic  streptococcus  type,  January  25,  1920.  Aspirated  twice. 
February  3,  1920,  thoracotomy;  resection  of  5  cm.  of  the  sixth  rib  anterior  axillary  line,  right  chest. 
March  12,  1920,  operation;  incision  and  drainage.  May  15,  1920,  chest  allowed  to  close.  June  28, 
1920,  operation;  incision  and  the  institution  of  drainage.  Chest  was  allowed  to  close  and  was 
reopened  six  times.  October  2,  1920,  admitted  to  the  empyema  service,  Walter  Reed  General 
Hospital. 

Condition  on  admission:  Ambulatory;  patient  anemic;  weight,  149  pounds  (normal  weight, 
160  pounds).  Examination  of  chest  revealed  sinus  discharging  pus,  anterior  axillary  line,  sixth 
interspace,  right  chest.  Radiographs  showed  partial  collapse  of  right  lung,  with  marked  thicken¬ 
ing  of  the  parietal  pleura,  and  a  cavity  triangular  in  outline  and  about  6  to  8  cm.  deep,  extending 
upward;  heart,  aorta  and  trachea  displaced  to  the  right.  Capacity  of  cavity,  150  c.  c.  Clinical 
laboratory  examination:  Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood 
count,  8,500;  red  blood  count,  4,380,000;  urine  negative;  culture  from  cavity  showed  heavy  growth 
of  hemolytic  streptococci.  Blood  pressure:  Systolic,  115;  diastolic,  76;  pulse  pressure,  39.  Vital 
capacity  reading,  2,800  c.  c. 

October  21,  1920,  resection  of  20  cm.  of  sixth,  seventh,  and  eighth  ribs;  posterior  axillary  line 
cavity  laid  wide  open  and  prepared  for  active  dakinization.  December  1,  1920,  secondary  closure 
with  plastic  muscle  flap  using  a  portion  of  the  latissimus  dorsi  muscle;  superficial,  severed  muscles 
brought  in  apposition  and  skin  sutured.  March  20,  1921,  patient  entirely  healed;  general  condi¬ 
tion  excellent;  weight  on  admission,  149  pounds;  weight  on  discharge,  160  pounds.  Vital  capacity 
reading,  3,400  c.  c.  Patient  completely  cured  and  discharged  May  26,  1921. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present; 
primary  drainage  was  not  dependent;  cavity  led  directly  into  mediastinum. 

Case  38.— A.  M.,  age  27,  October  23,  1918,  developed  influenza,  followed  by  pneumonia 
October  27,  1918,  and  complicated  by  empyema,  left  pleural  cavity,  hemolytic  streptococcus  tyoe, 
November  2, 1918.  There  were  four  operations,  prior  to  admission  to  Walter  Reed  General  Hospital’ 
with  partial  resection  eighth  and  ninth  ribs,  left  side. 
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Condition  on  admission  to  Walter  Reed  General  Hospital:  Patient  anemic;  weight,  131  pounds 
(normal  weight,  168  pounds);  poorly  nourished;  highly  septic.  Examination  of  chest  showed 
sinus  draining  pus  at  the  level  of  the  ninth  rib,  mid  scapular  line,  left  chest.  Radiograph  revealed 
spindle-shaped  caAdty  extending  from  the  level  of  the  ninth  rib,  posterior,  to  the  third  rib,  posterior 
about  4.5  cm.  at  its  widest  portion.  There  had  been  resection  of  parts  of  the  eighth  and  ninth  ribs’ 
posterior,  with  regeneration  of  the  bone  joining  the  resected  ends;  marked  collapse  of  left  lung 
vuth  thickened  pleura  from  base  to  apex;  pneumothorax  most  marked  in  the  upper  portion  of 
the  left  chest;  heart,  aorta  and  mediastinal  contents  displaced  markedly  to  the  right.  Clinical 
laboratory  examination:  Wassermann  negative;  urine  negative;  sputum  negative*"  for  tubercle 
bacilli ;  red  blood  count,  4,000,000;  white  blood  count,  7,000;  hemoglobin,  85  per  cent;  culture  from 
cavity  showed  streptococcus  hemolyticus. 

November  10,  1920,  resection  of  20  cm.  of  the  third  to  sixth  ribs,  left  sinus  tract  excised  and 
the  cavity  laid  wide  open  over  this  area;  preparation  for  active  dakinization.  December  27  1920 
the  lower  part  of  the  cavity  was 
attacked  and  about  20  cm.  of  the 
seA^enth,  eighth,  and  ninth  ribs 
Avere  resected.  Crossbone  formation 
Aoith  necrosis  Avas  found  in  this  area. 

This  part  of  the  caAdty  being  laid 
widely  open,  the  Avhole  of  the 
caAdty  was  noiv  exposed  to  view. 

The  caAdty  soon  cleaned  up  under 
active  dakinization,  and  the  oblit¬ 
eration  of  the  wound  proceeded  at 
a  rapid  rate.  This  obliteration  was 
aided  by  linear  scarifications  of  the 
Adsceral  pleura  at  weekly  intervals. 

The  depth  of  the  wound  gradually  in¬ 
creased  largely  by  the  re-expansion 
of  the  previously  collapsed  lung. 

April  27,  1921,  the  caAdty  was  en¬ 
tirely  obliterated  in  its  lower  aspect 
and  the  upper  angle  shoAved  only  a 
superficial  wound,  the  floor  of  which 
was  formed  by  the  Adsceral  pleura. 

A  plastic  operation  Avas  contem¬ 
plated  aa  ith  excision  of  the  scar 
tissue  and  the  establishment  of  the 
continuity  of  the  muscle  bodies  lying 
on  either  side  of  the  old  wound. 

The  patient,  however,  considered 
himself  practically  well  and  re¬ 
quested  discharge.  Patient  dis¬ 
charged  June  3,  1921. 

F  actors  to  be  combated  were  hemolytic  streptococcus  present;  osteomyelitis 
of  rib  stumps;  marked  collapse  of  left  lung  with  thickened  pleura  from  apex  to 


Iig.  132.  Case  39:  Bronchial  fistula  persisting  in  a  ease  otherwise 

prepared  for  closure. 


,  ,  ^SE  39  ‘  R:  L'r a£°  L>1  Pears-  February  26,  1920,  developed  influenza,  complicated  by 
none  opneumoma  March  5,  1920,  and  by  empyema,  left  pleural  cavity,  hemolytic  streptococcus 

yiy  ’  •  a!  18’  1£L0'  AsPlrated  six  times.  March  24,  1920,  operation;  intercostal  thoracotomy 
eighth  interspace,  anterior  axillary  line,  Aidth  the  institution  of  drainage  and  irrigation  with  Dakin’s 
solution.  August  12,  1920,  operation;  thoracotomy;  resection  of  10  cm.  of  seventh  and  eighth  ribs 
anterior  axillary  line,  cavity  left  open  for  irrigation  with  Dakin’s  solution.  September  24  192o’ 
admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  poorly  nourished;  present  weight,  115  pounds 
(normal  weight,  130  pounds).  Examination  of  chest  revealed  sinus  discharging  pus  anterior 
axillary  line,  left  chest;  pleurobronchial  fistula  present  and  a  large  cavity  formation  extending 
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up  to  second  rib,  anterior  aspect  of  left  chest;  a  large  cavity  formation  noted  extending  from  second 
rib  to  base  with  a  capacity  of  about  500  c.  c.  Clinical  laboratory  examination:  Wassermann 
negative;  sputum  negative  for  tubercle  bacilli;  white  blood  count,  6,250;  red  blood  count, 
4,700,000;  urine  negative;  culture  from  cavity  showed  hemolytic  streptococcus  and  proteus.  Blood 
pressure:  Systolic,  132;  diastolic,  74;  pulse  pressure,  58.  Vital  capacity  reading,  1,600  c.  c. 

November  5,  1920,  operation;  resection  of  20  cm.  of  fourth,  fifth,  sixth,  seventh,  and  eighth 
ribs,  left  chest,  midaxillary  line,  with  the  roof  of  cavity  excised  and  pleurobronchial  fistula  exposed ; 
skin  inverted  over  muscles  that  were  severed,  and  fixed  over  rib  stumps  to  preserve  the  muscles 
for  final  closure  and  to  render  dressing  less  painful;  cavity  left  open  for  active  dakinization; 
December  1,  1920,  operation;  resection  of  10  cm.  of  second  and  third  ribs,  anterior  axillary  line, 
left  chest  with  a  plastic  closure  of  the  upper  aspect  of  cavity  with  a  portion  of  the  pectoralis  minor 
muscle;  the  several  superficial  muscles  and  skin  brought  in  apposition  and  sutured;  the  lower 

aspect  of  the  cavity  left  open  for 
drainage  and  dakinization.  De¬ 
cember  22,  1920,  operation;  enlarge¬ 
ment  of  drainage  opening  in  lower 
aspect  of  cavity  and  preparation 
of  cavity  for  active  dakinization. 
January  31,  1921,  operation;  resec¬ 
tion  of  10  cm.  of  eighth  and  ninth 
ribs,  anterior  axillary  line,  left 
chest;  bronchial  fistula  closed  by 
suture  and  implanting  muscle  over 
it;  sinus  tract  excised.  April  28, 
1921,  operation;  mobilization  of 
lung  about  fistula  and  closure  of 
fistulous  tract  by  means  of  purse¬ 
string  suture;  plastic  closure  of 
lower  aspect  of  cavity,  leaving 
ample  drainage.  September  29, 
1921,  operation;  excision  of  scar 
and  superficial  ulcer  over  lower 
aspect  of  plastic  closure.  Novem¬ 
ber  20,  1921,  patient  entirely  healed, 
general  condition  excellent.  Had 
taken  on  weight  since  his  first  op¬ 
eration;  N  ray  showed  total  oblit¬ 
eration  of  all  cavity  formation 
and  the  lung  well  expanded.  De¬ 
cember  6,  1921,  healed  and  in 
excell  ent  physical  condition ; 
weight,  125  pounds;  vital  capacity  reading,  2,300  c.  c.  Granted  60  days’  leave.  March  1,  1922, 
condition  steadily  improving.  May  15,  1922,  discharged,  completely  cured,  after  having  been 
healed  five  months. 

Factors  to  be  combated  in  this  case  were  hemolytic  streptococcus  present; 
osteomyelitis  with  rib  sequestration;  pleurobronchial  fistula  present. 

Case  40. — 11.  C.  C.,  age  26  years.  January  25,  1918,  developed  pneumonia;  complicated 
by  empyema,  right  pleural  cavity,  hemofihic  streptococcus  type,  January  27,  1918.  Aspirated 
three  times.  Received  seven  operations  prior  to  his  admission  to  this  hospital  with  resection  of 
the  fifth  to  tenth  rib,  inclusive,  right  chest.  Received  active  dakinization  and  continuous  treat¬ 
ment.  March  29,  1922,  admitted  to  empyema  service,  Walter  Reed  General  Hospital. 

Condition  on  admission:  Ambulatory  case;  fairly  well  nourished;  quite  septic;  and  slightly 
under  weight.  Examination  of  chest:  Marked  disturbance  in  contour  of  right  chest,  posterior 
lateral  aspect,  due  to  previous  operative  procedure.  Sinus  discharging  pus  seventh  interspace, 
posterior  axillary  line  and  a  narrow  cavity  formation  extending  from  the  fifth  to  the  tenth  rib, 
same  line;  a  partial  collapse  of  the  right  lung  noted,  and  some  osteomyelitis  of  the  previously 
resected  rib  stumps;  a  regeneration  with  bridging  and  overlapping  of  the  previously  resected  ribs. 


Ftg.  133. — Case  39:  A  stage  in  the  closure  of  the  wound. 
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Capacity  of  cavity,  300  c.  c.  Radiographic  examination  supported  the  above  findings.  Clinical 
laboratory  examination:  Wassermann  negative;  sputum  negative  for  tubercle  bacilli;  white  blood 
count,  13,700;  red  blood  count,  4,280,400;  hemoglobin,  75  per  cent;  urine  negative;  culture  from 
cavity  showed  hemolytic  streptococcus  and  staphylococcus  aureus.  Blood  pressure:  Systolic, 
136;  diastolic,  80;  pulse  pressure,  56.  Vital  capacity  reading,  1,800  c.  c. 


April  10,  1922,  operation;  resec¬ 
tion  of  regenerated  rib  stumps,  from 
the  fifth  to  the  tenth  rib,  inclusive; 
entire  cavity  laid  open;  multiple 
fistulous  tracts  excised ;  skin  inverted 
over  covered  superficial  muscles  and 
fixed;  multiple  scarifications  of  skin 
to  cause  relaxation  along  suture  line; 
implantation  of  a  portion  of  the  deep 
fascia  into  the  apex  of  the  exposed 
tract ;  preparation  of  the  entire  cavity 
for  active  dakinization.  May  17, 
1922,  operation;  resection  of  a  mass 
of  regenerated  bone  in  site  of  cavity 
and  removal  of  an  additional  portion 
of  the  ninth  rib,  posterior  aspect, 
with  excision  of  sinus  tract  leading 
down  under  rib;  entire  cavity  left 
open  for  continuous  dakinization. 
June  7,  1922,  operation;  plastic  clos¬ 
ure  by  muscle  and  skin  of  entire 
space  remaining  following  maximum 
lung  expansion,  with  the  implanta¬ 
tion  of  a  portion  of  the  latissimus 
dorsi  muscle  into  the  space;  muscle 
and  skin  brought  into  apposition  by 
means  of  silkworm  gut  sutures:  Carrel 
tube  and  rubber-dam  drainage  for 
24  hours;  multiple  scarifications  of 
skin  to  cause  relaxation.  June  20, 
1922,  entire  structure  healed;  patient 
feeling  well;  lung  well  expanded  and 


all  cavity  obliterated. 


Fig.  134.- — Case  39:  Final  result. 


The  illustrations  following  are  photographs  of  some  of  the  patients  whose 

case  records  have  been  considered  above.  They  are  included  in  the  chapter 

to  show  the  degree  of  physical  rehabilitation  to  which  it  was  possible  for  them 
to  attain. 
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Fig.  135.— Showing  degree  of  physical  rehabilitation  attained  in  some  of  the  cases  described. 
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Fig.  136.— Showing  degree  of  physical  rehabilitation  attained  in  some  of  the  cases  described. 
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Showing  degree  of  physical  rehabilitation  attained  in  some  of  the  cases  described. 
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